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ABSTRACT 


SIR is a computer system, programmed in the LISP language, which 
accepts information and answers questions expressed in a restricted 
form of English. This system demonstrates what can reasonably be called 
an ability to "understand" semantic information. .SIR's semantic and 
deductive ability is based on the construction of an internal model, 
which uses word associations and property lists, for the relational 
_ information normally conveyed in conversational statements. 

A format-matching procedure extracts semantic content from English 
sentences. If an input sentence is declarative, the system adds 
appropriate information to the model. If an input sentence is a 
question, the system searches the model until it either finds the 
answer or determines why it cannot find the answer. In all cases SIR 
reports its conclusions. The system has some capacity to recognize 
exceptions to general rules, resolve certain semantic ambiguities, and 
modify its model structure in order to save computer memory space. 

Judging from its conversational ability, SIR is more "intelligent" 
than any other existing question-answering system. The author describes 
how this ability was developed. and how the basic features of SIR com- 
pare with those of other systems. 5 

The working system, SIR, is a first step toward intelligent man- 
machine communication. The author proposes a next step by describing 
how to construct a more general system which is less complex and yet 
more powerful than SIR. This proposed system contains a generalized 
version of the SIR model, a formal logical system called SIR1, and a 
computer program for testing the truth of SIR] statements with respect 
to the generalized model by using partial proof procedures in the 
predicate calculus. The thesis also describes the formal properties 
of SIR1 and how they relate to the logical structure of SIR. 


Thesis Supervisor: Marvin L. Minsky 
Title: Professor of Electrical Engineering. 
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Chapter I: Introduction... 


A. The Problem. 
This report discusses. the problem, ef, developing a, computer* which 
"understands.'' The method of study: cevetvecrene construction of a 


computer system having certain, cognitive epilation and. exhibiting 


some human- like conversational Behaviors °° 
POO 4 24 ARE us : 
This computer system is called "SIR" -- Semantic. Information 


Retriever. The Conversation prevent ee fr Figs: T° between a person 
; ae ae spe. sf 


(laecereiea: by '*** .) and SIR aise ee some of the ‘system! s 


TSRBWAML st She See TREN 


capabilities. Although it is capable of under etandine: statements 


Dak 2B Bee. 


dealing with set relations, part-whole relations, ownership, and 
certain spatial relations, SIR has no initial: budd&- in. associations 


"Understanding" is difficult: :to:define. precisely. The present 


CSbiaethie Uwe Bos tng¥ifars 


study makes the following specific assumptions and observations: 
i) "Understanding" can be demonstrated by dialegwe, which requires 


the participants to indicate an awareness of the meaning of their 
vs gee iyote ete pho 


subject matter. Therefore a computer should be ‘considered able to 
"understand" if it can converse intelligently, ‘dsiesg t£ it can remem- 


ber what it is told, answer questions and make aout which a 
: tae YE Sep dat 


human observer considers reasonable. 


ay a ta ed . a = ty 
tLe: ‘pas tom A a ma 


* The term naimputeE" refers to the saab ination of digital computer 


hardware and operating computer program. 


° 


(ene, EVERY BOY IS A PERSON] 


{1 UNDERSTAND) 


(eae, A FINGER IS PART OF A HAND) 


{1 UNDERSTAND) 


(eee, EACH PERSON HAS TWO HANDS) 


(THE ABUVE SENTENCE IS AMBIGUUUS ®# PLEASE RE-PHRASE IT) 


(ems, THERE ARE TWO HANDS ON EACH PERSON) 


(1 UNDERSTAND) 


(eae, HOW MANY FINGERS OGES JOHN HAVE Q) 

{THE ABOVE SENTENCE IS AMBIGUOUS #@ BUT I ASSUME (HAS) MEANS (HAS AS PARTS)) 
(1 DON*®T KNOW WHETHER FINGER IS PART OF JOHN) 

(eas, JOHN ES A BOY) 


(1 UNDERSTAND} 


(eee, HOW MANY FINGERS DOES JOHN HAVE Q) 
(THE ABOVE SENTENCE IS AMBIGUOUS ## BUT I ASSUME (HAS) MEANS (HAS AS PARTS)) 
((HOW MANY FENGER PER HAND Q))} 


fewe, EVERY HAND HAS 5 FINGERS) 


(THE ABOVE SENTENCE IS AMBIGUOUS *¢ BUT I ASSUME (HAS) MEANS [HAS AS PARTS)) 
{I UNDERSTAND) 

fees, HOW MANY FINGERS DOES JOHN HAVE Q) 

(THE ABUVE SENTENCE IS AMBIGUOUS ## BUT I ASSUME (HAS) MEANS (HAS AS PARTS}? 
(THE ANSWER IS 10} 

(eae, HOW MANY AUTOMOBILES OOES JOHN HAVE Q) 


(THE ABOVE SENTENCE IS AMBIGUOUS ## PLEASE RE-PHRASE IT) 


(eee. WHO IS PRESIDENT OF THE UNITED STATES Q) 


(STATEMENT FORM NOT RECUGNIZED) 


(ese, THE BOY IS JUST TO THE LEFT OF THE TABLE) 
(GO2840 IS A TABLE) 

(1 UNDERSTAND) 

(eee. THE LAMP IS JUST TO THE LEFT OF THE TABLE) 
(GO2841 IS A LAMP) 

{THE ABOVE STATEMENT IS IMPOSSIBLE) 

{eue, THE TABLE IS TO THE RIGHT UF THE CHAIR) 
(GO2842 IS A CHAIR) 

(ft UNDERSTAND) 

(eee, WHAT IS THE RELATIVE POSITION OF A PERSON Q) 


(THE LEFT~TU-RIGHT ORDER IS AS FOLLOWS) 
(CHAIR (BOY TABLE)) 


FIGURE 1: SAMPLE CONVERSATION 


ee, See PE Soe rs Re pie ea 


BERS SGN RR Soy: 
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Note: I am concerned here with the computers internal dnformatton 


representation and retrieval techniques. For this purpose I assume 
tld? abstract “words'* ‘are the taett signal iutit.' Chere ts ‘no heal to 
be concerned with speech recognition, sensory receptors, or other 
problems involving the phystt#!? hature Uf the Comminicetion chaimel 
and signals. 


ii) In addition to echoing, upon Fequest, the facts 1f bas been given, 


a machine which "understands" must be able to ‘eecogatse che Logical 


ries Sore 3 OP RS a 


implications of those facts. ‘Te alee must he able to Adent ify Atos 


a jarge are Store) facts vhich are relevant to a particular question. 


EVER # oie! SRD Bs ao EE Beals 


iii) - The most Amportant prerequisite FOE the ability to “understand” 


GOEL a 3 we . re vod 


is a suitable internal representation, or model, for stored a PEOEMRE TOR: 


aan) ie ogee 


This model should be structured so that Sndsraatisn atevant for 


SPB 


ee is easily Licance het toi Direct storage of Englieh 


wed es E! vdeave BYORI pol pace 


text is not auitable since whe Seroctuey of AB Koglish statement genese 


De SE ae 4 7B vet vo Peveorto 
ally is not a good representation. af the meaning of the statement. On 
: “PeWSaga! JRLRE a: oAQ freepurt © yt ShETS Bing 


the other hand, Grund which are sizect representations of certain 


£ ad SON VBS rg de cg ails 


inde of relational information ouatly are ao aor use with other 


segh a: ‘yt 


relations. _4 general-purpose understanding" maching | should utilize a 


ATW EAST fay 


model which | can represent aenentic content | ter a wide variety wa subject 


fay dj. of Big GsG aud Fe 


areas. 


tbe PARE Ghee PAY im. ies 84 


SIR is a | Pratotype of an a understanding” machine: It demonstrates 
big iy B Af Bevele ad day gk neve lwde 


how. these conversational and deductive jabitities ran Ah Spee ined 


2 “ Be 


through uae of 4 suitable meee Later chapters: will describe the 


ait} ie git aroun s, 24d 
model and the Am program, hoy they were developed, how ict Ma are peed, 
= a LISS IRAE 75 


and how they can be extended for future applications. 


“yeas 
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B. Where aie eee era oe ae 


SRersse 


of Giuiueed caeestche “Somes ome ae 


‘1 Information retrieval: * ‘The high’ speeds and huge memory id 
capacities of present computers could be of ‘great gid in ucanniae 
scientific Literature, Unfortunately, high-s Sapecd ‘search is useless oe 
unless the searcher is capable of decounisiug Ghat is being searched 
for: “and existing computer layatede fon "Tnformition. ‘retrieval use boeo” 


hous: te 6 ert Parner i + ea 
meyertueytde sa pl yode Cabos cid 


evtide peckniques for specifying and identifying ¢ the ebiects Oe che 


search. 


“Information retrieval ‘systems generally: provide éither document 


te gke sidgeticgce +: 4 


retrieval or fact retrieval. " Document “retrieval programs usually 


ef : j Jednas aug B Pe 
depend upon ‘a hassn pre- “assignment ‘of "descriptors" to the documents. 


: a alan te ¥ i? Syrt Baa sitd 
A user of the system may oy the list of deccripeore but cannot know 


precisely what the descriptors meant “co ‘the ‘cataloduen, It ts ‘difficult 
3 tt oye A weno asies 
for he: user ‘to determine what the semantic Gateractions between the 


y 
Foes eye: 


Seseriators are ‘and how these interactions: help “determine ‘the content 


eats 


of the documents obtained. 


Fact retrieval systems usually require that the information to be 


a haw Dade * ae 


Secrieved “first be placed ina rigid form designed ‘for a J particulat 


‘ ‘ 
4 ae tou ba& Boi dbe ss 2 saad 


subject | area. This ‘rigid Fepresentation for ‘che ‘data, and the corre-_ 
> og be? mi : mms 

sponding rigid formulation He the reteteval pequcsta: could “be pro- 

duced automatically | by a computer “which "understands" atavements 


expressed ina form. more natural ‘to . the dae “users. “purther, “4f ‘the 


computer could "understand" information expressed in some general 


manner, specialized formal representations would be unnecessary. 


Tasty Teac Dag ee ST RASTA ES et oie Forel 2G get eri RR eR ie ee OOD Eee ae thet BE 


it’ 


In order to make a’computer serve as a rétérence Librarian, it ‘fs 
not sufficient simply to store a large volume Sf inférmétion. *mé” * 
computer must also have thé abiiity’to find dnd retrieve intétmdtion 
in réspondé t8 flextbte’ ‘descriptive comiatids’  Watther, ‘thé computer ” 


chduld’bé abte ‘to modify “Bott ‘the ‘iatdiude fori"fi “storage “and ‘the “re=” 


quests. “ft “Ls ‘Pebdiving; ‘and if should be “able “Eo “déecrive'fts actions 


and to request ‘éfarifying fafotmation.’’ The most “Useful “fnfotadtion 


ties P foces 


¥etrfeval system will be one which ‘ca “Conver sé with Les “users; to” 


maké’'sure that Gach ‘réqu leat 4 2 yetPidésinéd ‘ahd corzectty “idderstesd." 
““ 2) Mecha infeat 'e'rd Sake tbat?  HegdatGhier'a in thé dvéd “of ‘wéchadt dal 
translation of natural language have been disappointed “to ‘discover How 
difficult’ ‘their leak a siege word-to-word apne “and then 
word-to-woed ‘transtatfous 'c ‘S oupted wit ge feat analysie, “y Sdvvarige- 
ment, atid oe cave picver taadequate for * 


1aagse i 


achiéving ‘good ‘transtations. “tie vital “te ative ‘afésing® “Peon presen it” 


wre 
<j 


computer ‘dvadslating * ‘systems Bey "eHie ‘de ftiey of hunidd ‘ttanstatdts ° fo 9 
"understand" what’ they 18ad in dud ‘Ta ingudge, and ghia the ‘wame *” 
thing’ tn“ancther.” “thé SIR Cémputér “syetem dan ‘store “Facts, wake *” 

logical ‘Yeductions ;“anewer’ “questions, and ae GES Feacuves’ or 
teint CeMversat LOE WEN 1SH,, “ded Hille PSte dpSlads C3 Wile: dbus! Guth 


“understanding” abiifty. ” ‘Wie méchatiisns Wifck fefp LE to Minder stand 


ace cnieely to help also ‘fo “sotving “the wachittcet” ‘Etanelation veobiaa. 
od botioss aif togu J98 78> DOB .5r Of Desinsestg mm 
3) General computer ‘applications: “During the past decade Chere: 


.19nmem "Soagiifesel” as. ba lw: 
has been tremendous growth in the amount of computer utilisation aad. 


in the variety of computer applications. However, before each new 


problem can be tackled by a computer someone must perform the arduous 


SED at sate Sea Seer Aaah ee beg 


Pee os BOO pee ae 3 


12. 
task of "programming" a solution, j.e., encoding the problem into a 


form acceptable to a computer. a geet, Jor eases 


. Various "problem-oriented" computer languages have been developed 
to eage this encoding problem. Unfortunately, guch languages are 
useful only when programs ("“compilers" or, "interpreters'') are ayail-_ 
able tq tranglate automatically from the pyoblem-oriented language to 
the hagic "order-code" of the, computer. At present all such problem 
aaa are very rigid. systems. This means that the problem 


definition, OoBes algebraic asnipulattonss ee ee or 


machine tool operations. 


Tears 


puter seeitada tng cleaciacest Gdeuaies are ees describe 
vel Seite Petre Re oe eS8ivi DfT FY JUS SAG ab Aye IGS DNB Ton 
these problems to each other and to asgist each qther in making the, 
Re Pa are Seater ef aba rare SB ts oo ee hua y TL SUG PBL ANGE DOOM Ll yaa 
problems more precise and in solving them. In order to utilize the _ 
i af é aor i ee 28 Eke RTE BL GWGve gs Bry iy) armas DORE PEC 
high speed and large memory capacities of computers while working .on... 
such ill-defined probleme, people need some useful way, fo communicate 
PS RR oan Ona On aie eon ee yh ome cuay which tlh make le 
computer "aware" of facts and enable it to "undergtand"’ the nature of 
Se ae y poo? aren pT ep io Ca TO eS LASOR Se SVE Y pte isry 
the problems which are described . to it. STR is a prototype of Bok 
computer system watch captures epme measure gf the ‘meaning’ of the 


nfotmatson. presented to it, ane can act upon its stored pedy. of 
FR ihupiqe 6 | 29 > SURES oF 2 EPO tite 


SEE te ate nape i Eg so 


knowledge faa an bp eneel lament! manner. 


rf Od Af Adwoks Suaiiheatts : tae 
: a 4 
MPG s 2 ef 3 x 


Pia ~ ei 3% Ce eS exgh gfe ie -eyt x 
29 B Ya oka Dbl GH Pik j Radha 
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2:3 Chapter II: Semantic Information Retrieval Systems: ¢ i.) 
BOL FUSE Gk Seika latches br 


The word "semantic" is used in the title of this paper for two 
Kdasons: “Firat, the actual ‘information: extracted sfrom ‘text and ; 
stored “by ‘the program ts intended ‘ta approximate ‘the linguistic 99: 
“semantic .content™ orotmeaning" ‘of ithe {mateniel.- Second, the .compu~ 
ter represéntattiend of tnfommation usddvia ‘SIR (Chaptée? ELE.B} ists: 
dérived from the!" sdmantic" model. structures :offdrusl:mathematical | 
- legtie. ““Infermation retrieval" refers >to ‘the: faet : that the systems - 
disdusaed operate aon colldctions ‘of statements; retrieving: facts: din) 
response to questions. Question-answering was chosen because it is” 
a Se content: hae Aisa “BOF Se nae ee 


fi Siw fas 3 at ag he oR @sat 


“standing ind commuatearive: abiniey oS competers 2 7 ee 
fe oe cok Payne fee fi 3 pact rye res ae 


thd: sm syecebsurt izes: neautes pie to majon-research:areasy: 


: i a8 9098 Galt ledS VB Fo ualcesgws = fs Lak SACP ee 
the: -aeady, ‘of tha nenantics ‘of: natura "tadguagey sand. aie aveen eS 
Pao Lame we LD. Reo Rost! ify arog cis aro 


prevtously: deveroped computer: programing Reena eaere tees solving: 
“tthe wid OL jus Dasa 


yartous specific’ ‘dgastioavanneer ida even laasy Bi 


me ob Creqe us vueb aie™ 0 ted 4 Bede ig te ee Bey SS 
A. Semantics. CRY be a HERS estat mb. tae org 

+i: Semantics is-generally studied: from on¢:of two viewpoints: .- . 

: pipe‘ and descriptive, -Pare ‘semantics; as:studkedcby'Carnap. (5),- °° 
déale with -the properttes of ‘artificially: zenstructed formal::>. > 
systens  (which*may or may :not2have analogues in the real-world), 

~ with irespecevte:rotes for seqcence ‘format ion»and-desggnation: of |. : :: 


formal models and truth-vabues.* I shall. rather be concerned with: >. 


14 
descriptive semantics, an empirical.sedrch fer .tules ‘gaverning truth 
and meaningfulness of sentences in natural language. 

1). Semantics and meaning: When discussing meaning, one quickly 
encounters difficulties. in having :to use -words with which to. diaeuss 
the meaning of words, especially ‘that "ef :the.word “meaning. "oon 
Therefore one finds.it diffieult.to distinguish ‘betweensobject-.  s: 
language and meta~Language. A-common device iie-to define: "meaning": 
in a very specialized sense, or to derty-that it ean be defined at.all. 
Quine, tongue in cheek, -recegnizes thiaidiffieulty: inthe. followhag: 
paragraph:. (33) - Biter aide 

“One must remember that -an-..expreseion's meaning (if. we :are cto; 
admit such things as meanings) is not to be confused with the object, 
if any, that the expression designatesi. .Sentences, dacnot designate .at 
all..., though words in them may; sentences are simply not singular 
terms. “But sentences :.atill have meanings: Gif [we vadmit:aush: things as 
meanings); and the meaning of an eternal sentence is the object 
designated by the singukar term foundby bracketing the sentence. ::’ j 
That singular term will have a meaning in turn (if we are prodigal 
enough with meanings), but it will presumabiy-be :something further. 
Under this approach the meanin,; (if such there be) of the non-eternal 
sentence 'The door is open' is not a prepasitionswe oi fiooce Buciis: 
Quine continues that the elusive meaning of "The door is open" is some 
complete intuitive set of circumstances surrounding a paxtteudar 
occasion ‘on which the statement "The door i$ apen'!.was uttered. Clearly 
this kind ef concept does not lend itseif toicomputer usage... Invander 
to construct a computer system which -behaves.as:ifit understands the 
meaning: of.a statement, one must find. specific worda:and irelationg. - 


which can be represented: within the computer!’.s meworys :yet-which :iseme- 


how ‘capture the. significance of thé statetent ‘they represents: fen.) 


Oar Ber EER Pat SG Te DL Bet ea a ee, 


RRS EE TS TT RRR, ET 


£8 
o"ZiSfy4hyte mote -precigecin maktig.thé lfoblewinig diseinertién: ©: 


“wotés iway shaved meg ing, -bat tot ‘eigatficarides uttesaieds: (phrases) 


sentenced) may have stenifteancey bit nét méading. However, he states 
tiat°an analysis ‘of the ‘signi fteanceuef va ‘Whole-dtterance cannot be 
completed without an‘ anelpoiscof thé neaginds ‘of itné words iu the: - 


utterances (2 find Ziff !d udist inc tflon Swetweed sword ule dning -and ut ter - 


ance significance a usefel ¢igtinc tidny ia bowedgh ‘the ‘persindlogy is 


. spger -sinde both veonéepes ‘contvilitel ta iwhae is iedm@uohly) cabled» 


"mearitsig,: Since Ziff does net: préaent “any “futher ‘explandtion or - 
representation df “uearivd' and "signi fidarice * 5hé6e us ~précded “t6 <a 
similar buC more Completd diseussion: Sy UXkdaeda (4400.5 °° 2 

Ullmann considePs: 4 wird ds the cpmaliese sigdificant ett with» 


isoteted “cudnt ene ,* + onda pus eee: aad Sednténeds -ekpr eos Bel. 


oS 9)usteru (Agi gm B® VU Torsone ise eggniouoie do shaixn [fs ods 
ae ata are: epatiobieed "by imenenionl worse: wees 


SHIA TO YULAB Lining me beasd arolugctsoees .egenss sds bab cn 


“hamctag Aw depinet ae ay: ¥eciptoca? ve lacionsh ip Wetvwden pac niae 
: 2a os vesdd do fevos moe aff 1... :9fs2 eovissinauc sxsun 
ana the sense, which enables the one to call (ap) i the ether: By ?' sense" 
de meant the thooght or ‘referatdce ¢o an ‘ob fect ot aeeneis€iow whick is 
represented by the word. Note that meaning here relates word witt'’: 


-thovight bolt :ob fant:; int ‘ewe d8eant be wi th ob fect ol ted Bf 2 | tae 


. “thought ‘about iobfect" ts top vague ad ides ‘for computer formalization. 


Rowsver ;"we can work with a veriwlivepion of 2 thought); xamely,. the 
Words: wirich natie objects and feature wssiel ated wi th ‘the ‘thought. 


i Wel-may, consider ‘the meaning of <@ word aitiicl idames say db ject: ur - 


Clase of objects co be pitcher: the ‘cheney nasal for 5 2ohtisr UELmem, vie 
A most! comeaby ‘theughté pucpliehave: fv ednridet iat dh Che whing smaled. 


Dafa. gdh lla deuete 20% (CL UOBIISe sg. I Pod ues 
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In either case, in the SIR. systemsd appreziwate.the meaning ‘of «the 
worg by building up, in the computers. a descrintien of the ebject or 
clase. This description, itself.ucompased of. .werde;: presents proper- 
ties of the described entity and-namea iather objects and .claases sto 


which that entity.is related..: The meaning jaf.an.ugtersnce ‘cae ' then 


- be represented.in a natural way. by pantioubar entries in thendescrip- 


tions of the objects named in, the uthkeranges-. s 

Walpole (45): peints out similasly :that a word: may be. defined (i.<e.-, 
the meaning of a woard.may be explained), by..any ‘kind -of cassogiation,' 
connection, of chayacterietic, and theee features Of a word aze. 
usually described verbally: Thue such -featuses.can -he-part af ‘the . 
computer! description of the word being definede! ie cae 2: 
"Words ‘do not live-in ieclation ine dengeage my stene + They enter. 


into all kinds of groupings held together by a complex, unstable and 
highly subjective meteonk .of ‘aseaqcimetoea; meésiacberions betveen the 
names and the senses, associations based on similarity or some other 
relation. ; lt te by their affects. that these asaqctative iconnections 
make themselves Be Gar aby sum total of these associative HeEwarks 


is the vocabuberye.’§ (45) ©.» spy edd estdene doiuge .:arse eit uns 


- SIR uses. an approximation to these -ragsociative. networks as its. basiic 


_ data store. 2 i : ee Tah sao 


Walpole ‘also noteg that some word relationships; such ms part, to 


o whole, or class:-ce. subclass, det exmpine partial oxmdexinga of large classes 


of nouns: and thug.can be represented by tree structures. Zhis fact: 
leads to certain search procedures, which :are useful sin our. computer 


system. However; she class, of abatract nouns: (/'fdctiona!')...which do 


not neme. any abject in any specific, -penae-expexience,: dq not. lend. them- 


selves to such ordering, and hence axe, omitied, Erom.early mersiona. of 


computer representations for semantic information. 


SI ea RNR ETE PRN Pet See toa gana 
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2). Grammar and neahing: “Thus: fer: 2 have [éfecuseed meaning (seman- 
ties) while signering the igvamnar i¢eyntes>oof bhawguade, ‘However pis ool 
grammar ts ‘impottant since -I woubd-bike the computer program torctiates on | 
advantage ‘of whatever useful -infornetias -te aveliable in the gramaties 
cal structivre wet its input. “Alecsme bevet ona school pf thought: (ste 
(discussedd® (3) dielow): bo lide tlige oyntact tc eunlysie le an adequate. 2 
method for ohtedinitig: sedantic clugetificaeton’. | Dhevefore bet! us con (°-) 
sider the ‘nature off ‘gtammgme cist) aedei gee iisle ow 5 coat, ftom uove 

A "granmeewh is -usualiy alefined as @ set! of rules def iveing which) > eu 
strings of plphahatic characters: ave /‘eentepcus't of the: danguage’ ants! 1c 
which: are not. { Deriving .a) granhdt ‘fore naturwil hemgumge We enici os ct 
empirical grecess,: since the ultimate test of Whether @ pratement 19 '5°0" 
grammatical.ox met testo askin natine gpeskerm Dotatiertay only thew °: 
functions of words in sentences (their "parts of speech@)-: but aot? 22 52°) 
their meanings in any sense, Chomsky (9) develops various kinds of 
English gramars:: Prrage. strwegutis tai «dimple bemsept ‘and! works for 
a small part ef: tre: langubge ,z but! iss feequepelyedmaddquateses: 665 Quads 
Trangforpetiopel: geanpes: schehesoate probatty sdequate ,° but? arescompi is?” 
cated and: db ffdtude: to: completace&rstest.: se 002 662 to soe oninnes won eu 

Although: syntactic protedurss aveb general by supposed: dayignore:s 905i 
meaning, the boundary between!ayntmetdeaqend aemgmtics is harye For! 2!) 
example, sone: dimguists classify: the wartald ed! ‘mike: noams'\. (e.g. 2800 
"water" sds: a septate grampatioal group! eines: they! do: moto take: thei ccs! 
article...; Howevers the: distdnagion hetween:.41 want) ments’: and: i. weet cs: 
a stegk!'; seems. to: be. bagicaldy @ semmotic: OBEense2 di) lipo isscisn To Lis 
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- #i££ defines meaningfulness, in:terms of rigidiey of sg zammatical> 
structure. .Woxds which exe necessary <in a-parkiowbar gramgat tidal scons.” 
figuration, such ag frequent eccurrenced af Ita. Udo yt “Stiges" cand ances > 
the likes are said tq bavewo meanings: On the ether heodjiwards oo 5aV's 
which could:.be replaced bya. large number of abternatives withinutie 1.» 
given .grammatical, context: are considered very swedninigéul ¢) Summons ios) b | 
(38) makes. .this distinction between ifunatitom womds and icdatett words: tom 
even more sharp, as we shall see later (Paragrapm€,3)ic) Souhave oot oir 
used these ideas ta the extent that only words which are namesiof; 
objects or claases,| or of properties of. objects: ot classes), appear: '% 52 
in the internal representation used in SE@w i The frequent ly-oocurving..' 
"meaningless": words of Ziff are used as: indicators of relations (80) 0 ius 
between: other /‘mpaningfsi" words. appearing dnithe: Bame sentence.) 5101s * x 
See Section: IVaBsy ics 2 toe creda eecusinee mi ebtow to asoutonu: 

ey mgegbarer (0: veemom) pense yrs mi agaknson tied 
3); Rovmaligdng meeping?.. The. iatelligent; computer hagitovungers!) 0s” 
stand and remember: the, meaning: of what: it: ds. teddg:thexéfore its: {ism & 
needg:.aome: precise interenl represegtatdoasfer> sheaanmmgnings, Let) 95) 
us now examine some of the formal, representations: of meaning] whibh: badns 
have been. proposed,..and see which jdeas frosp:those repvesent atgions' |. 
might: be useful in a: compmter -representatdpnmeeouies vasbeuod eda .nnaeiur 
One. way to deal with: 'the: problem of: semantics de tqavoidedit by! gui. 
translating. ordinary: language inte: a fotmali ayetem which: could: be > 32." 
handled syntactically! (1) Thue far! attempts to’ ferhally’tteode °° 216 


all of natural English seem to intto@uee @ whbe? of detailed Hotacidnes: ©. 
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which obacures the real .~problemj::for the-probleacef representing méan*. 
ing must be.sebved in order ‘to: develop a ‘good iraislet ton ‘scheme; At © > ¢ 
firet view Ereudenthal's LINCOS -€15): may: ween like a formel ‘syétem for (© --:> 
describing shuman behaviors cActually the LINCOS ‘system ‘ts wot practical’> =! 
since it adsumes ‘far gueater @bilicies for iimductive iafereidd of ‘wiles «= -- 
and situat forms icti thie pert nf the -wecetver than <is expected of Hees 8 5 
usual language student.iii) .osc0n H. egies afgedat de Reve Ma ee ads 
Another approach, used { for, ‘example, by Wein (19); is tevincreade 
the numbez; jand dintis: of catagories in the aseunib input acute) sna lyete Ai RMT 
systems untid:ithe semantic, propert ive wre: gutomatiowily inctuded...° 4 
Although .aome of: the:results are promépisig, {ti seen to te this: approgph: "°° 
will evenimally obbein the! same ubbinate' syetes df Wékt ‘asvoctations 605°" * 
as can be apptbached mare) simply ‘by: cunetler ing) end cepresbhting!) 952 «) 
directly the:‘mean imyful': relations betaewa' wordé) 2 Gosmogcb yy) ci @ticoy 


tas 
Quilidan (32): abtemprg. to. repreagnt: the semmntrit vontent of wor8e —°°!! 
‘a sets of "concepts," whichscan be combined to reptesent the’ meanings i |» 
of phrases and sentenceg.: With the: basic! premise: that: leatning’e new < 
word involves theesmziagcits valees: on'a seti of: baeic! bvates\*hecis trying’: -- 
to buildyup a:wepertodre:of snitabie: coordinate scales: steel oth ieee co cnon 
represented by»a: stt..6€ vaiues which dre ganéraldyzineaitive, uatdtmens >" 
sional coordinates: such as::iength,! time, and hue. <Qeildama also. péimits- 9) * 
defining:wotdsiian terme-of:predefinéedowords-aé:zoordsauees)2 (My feeling «9 'o~ 
is that the relations: between iwdrdé due-spte>impiecant ‘than the -condepteat?2s+ 
meaning ‘of individual words, and:therefore a:istmpler approach which =: bd paw 


ignores Shaepe! mmeaninge would be more tmmedtateky fruitfet.2:- 6 te 
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Sommers (42) is more concerned with permissiblecwosd :combinations:: © 
than with the meanings -of .individual -wards..:He firét-describds2a: 2 2205 se 
hierarchy of sentence types: 1)-.-Ungrammaticah;.:.‘2) « ‘Grammatical but . 
nonsense; 3). Sensible. but -falae; 4): True..: Be then arevescthat 0 dio uno 


the crucial semaptic. distinction ;liea between sthe -gmamsaticakl deekarad 6 onis 


(but may be true or false). Any pair of monadic predicutds: PB, i. Pyrist iBbes 
are said by Sommers to have a sense Vasiupr DCP cB, ). ob€ theirs: coukst s:96.2608 
any significant. sentence conjoining them. Otherwise they: ‘have ‘values: 3) 
~ U=N(P, >P,).,- The, U-relation ie: symmetric: and is, pteserved under. ° 
certain logical operationa:on its anguments, but it) ues: not ‘transitiwes:.o0! 14 
A stronger relation Q@P is true if "ofic(shat ie}: Py it: cam be siignifae: 115. 
cantly said that; it: is Q...@.g.,: P*Pnime, mihisheri,, Qequicki'osThip: of ob. 24 
permits the arrangement of these "monadic aredicated"| into a simple 93.9. - 
tree, where,all.words.in the same meaning: class . 2 .gigualls colors;s or i.) 
all words describing: weight, occupy the: same medeioiiiw (er oqucis fo case 

My main objection to..this. work. isidaiwhereithe important: distdnes:: 2° 95 
tions lie. . Sommers. would argue that. "The, idea de alwaysigreen!! dg. 1. 
nonsense, - but "'The;.yellow sky is always: green“iia sensible: (since gky |. 
may have:celor, "The, sky.is blue! and. "The. sky isunot baduel:areyo osse enc: 
significant), although fajse. Note.that “Ideas:cannot:ibe: green” — 
would be considered nonsense. rather: then! trwe;.by;Sommers. - E: feelothe:i: 2s 
distinction between !'nonsense". and .'‘sensibie :but: not tuue of ‘the real 62: 2- 
world" is not precise.enough to:be a basisfob a compater srepregentabian °°. =" 


of a semantic system. :-SIR is concerned with -deductiong:of sconsequences teeta 


sae a 
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frodi“a given bddy of #tateménts; rattier tin judgémertty of "noriwerse" 


or “"sgensible.! aa fi Pes gee Ho Ba ore Ors 
“SUTOO  fBW bog bi Slin ied on. 9 Gd 2 Pbeedesy luaane of): See PaEE: 


In summary, many schemes have been developed in thé Litéerative for- = 
formally déécr PP iilp “tle -semaiitic proper€fed of “Ladrigddge?° Série of ‘these 
were descri¥éd didvé! Most Of thé ‘scliewds ‘dite Vague; “aiid “abthibugh~ © °° '1- 
Klein's and Quillian's, among others, are being progranmdd “for ‘Goniputérd:;' *- 
none ‘Gf tife predently ‘avai fdbte sematit ic “system Have Bodh Weveidped to ” 
the point where they could provide a usé#ut ‘baste fot chiider “urder- | 


standing." However, I have used some of the ideaé: ftw? C 

syst émé “int He setop fits ‘¢ ‘gtk mrne ‘ide of: ‘fepresent tng ‘aiemitinng ‘by ‘word — 

snsociatite"Le pareteaLatty hiporeete wae end ¢ intoeave ton eens = 

tion uséd ‘in ‘stRe 8 are he nuoly ne i i 

be addy onl Peo veces Susitnog ale aia enti ham eon. seea 
Thé ‘Sik , afced uded sbectal dace’ denetire wetett ee eafl he oat : 

“modét HY - nes piogtdt Féferd' ‘to eh “teited ‘atdnevee eM Shove Heo ot © : 


retrieve semantic information. ane purpose = this section is id explain 
Bova hed sie “oMeod oF Pde agaist: mee Backs 


what I wéati By: ‘th tern’ “matiod'e 1: in genetdty’ a8: ‘eo eettae: ied om ‘indie 1° 


ORV BIS 


in part ftéular. © fa UTA aT we 68 SO, Re ahd eon erin a 
° 
Tomveacdita adi tead cf vorvr lad uo en eerie ae 
“gugon art ove Co faaet 5 , 


Vio boys. 


1) Definition: The term "model" has been grossly <overwurRed {aed ©") 
it does W6t'seda: ‘eo Have “thy ‘gtteratly Se eet (18). ' Hor | 


aainisamoe : it 1 L830 35s Of avs 
purposes of ets pape, gs present “the forrewidg® Pe Pint fort: | < : 
oP eli 3 3 é 34 S02 dturangas 7 
A model model “tet is Drea t ae ite “eh EO Bott properties” 
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a. Gertain features. of the model .correspond,.in same well defined way... 


to certain features of x. Cee eee 


mys 
ake 


b. Changes in the model represent, in some well-defined way, corre- 
sponding changes in ¥e) - | oe oad sunt comadve voem oerermen fi 


Ce. There is some distinct advantage .to studying .the model and yj i... 


studying, & directly... Being Melee OTe BUSI Sie) cis pe apiliiet ins et ataly 
x may, be, any ofa wide class gf entities, such as Aan obdeshy a statement... 


in English, or, a, mathematical concept.,, , 


a eS Bw: ‘ne? 2 tg “hag Pm on eae ba ee am 
eoiverd blues voe.dt sctadw aniag ada 


2) Examples of models: vedo b> oma baey aves 1 .tevawell “oguahitete 
i) A small-scale wind-tunnel test-section for partief an airplane (18.8 5... 


model for the actual part because aerodynamicists understand how air 

flow ayound the tegt-section is related to ais flow axquad an actuals sooo 
airplane part (whose shape corresponds to the shape of the test-section 

in a well-defined way). An obvious advantage of such a mode} nig its. 4.) « 
convenient size. 


ii) A verbal statement of a plane geometry problem usually includes 
statements about line segments, connections, shapes, etc. The usyakp.. 
model is a pencil or chalk diagram which has the geometric features 


described inthe statement. ..The advantage of the model is,.that it cia.; 


conceptually easier for people to interpret geometric relationships 


from a diagram than from a verbal starement,, whichiis pRally Aa @ncoding 


of the geometric information into a linear string of words. 
; aay 


Pe gee G. 4 BGLeeus wil Go senting OAT sroljemrolnr s1insise cyvelyta% 
iii) Problem solving ability in human beings has been modeled by a 
compyter, program developed by Newell, Shay and Sigon (28). The model y oii; 
can be improved by modifying the program so that its external behavior 
corresponds more closely to the behavior of people working on the, sqme,.. ,,; 
problems. The advantage of this model for behavior is that its internal 
workings are observable, and hence provide a hypothesis for the corre- 
sponding mechanisms involved at the information-processing level in 


human problem-sqlving. io. 2g es. Gad “ishew axes as? Metsintiesd Cf 


a 3! ~ 


iv) Logicians develop .and .study...formal systems. . Qccagionally these 255) 3: 


have no significance other than their syntactic structures. Sometimes, 


however, systems arg developed ;in qrder, 40 jst i ctlye beeper ties af, aseousug 


external (usually mathematical) relationships. these occasions one 


says that statements in the founal.system copnespond :'uader standard.» 
interpretation" to facts about the relationships. ‘The model for such a 


23°: 


formal (syntactic) system usial ly tonsiete' of eete ef objects which © 
satisfy our intuitive notions of the "meaning" of the original relation- 
ships ,- yet: whose properties vorseapied cd certain featereboofiehe 2 oe): 
syntactic statements. Thus one may study the abstract formal system 

by manipulating a model? stvich haa intuietve etgntfieabces! ' sebintiesy: 9° 
in mathematical logic, refers to the study of such models (6). 


There may not always be a clear-cut jeter inet hoe between entities 


detignd Qo tua 2 ust Isbom gp ei maiaye » fo stots mobtgsmiciod oat 


which are models ana those which are not really representations of 


add moot batospidys sd usd ac idw quldasueint ahd seveovas avangdnce 


something else. For example, Meee le Shaw, and Simon's prabhew: 


Fgusli od fron, aio oor bus . sw badbioch-lisyv @ ai aAbsocs ovis 


solving ‘prograa ataceesed in (ii) above is see a medel, in che sense 


agnagrse ott ni cidalieve qottamroint sz ue 226al 36 .94 sh> 
defined earlier, only insofar as it is intended to represent Bones: 


‘ he 2e9RE OD debsas ek 2] Bais ot iopoem & done to SE BITMBVOR iets 08g 


behavior. Otherwise the program would have to be treated geet on ‘ite 


ea qe 3 od &laige ay aerigd lobowm sod pr jet nobtsarturgi bo ube: Bussidxe faa 


merits as an independent prebiew ctv ing machine. 


-~loueh ceed avail aw deve poabiewep-meltesu  .aawisanee dri ler ongdques 
CEs Devoigus oveEd Hotsw one giobow io seed @uobigyv sou iivinw Lage 


3) estion-answering model: In designing a queat ion-angwer ing 
~alh sve emotave Soug Io a9lqmexs nwond-tasa aT .8@ug0ur do e@30%5 


system one is concerned with providing a efor of information, or a 


aa bovw Ishow act bo o4udnurte At objgose gniwollot ody nt Lseeus 
mechanism for developing such a store, and a procedure for extracting 
eidt ia I'L xstesd0 ot beeeuvosib ei meteya ankuawaene-nelteeye wee Yn 


appropriate information from that store when presented with a question. 
.F9GLY 


The store may be built up on the basis of information presented in the 


form of simple declarative ee sentences, as it is in SIR, or it 
mS ae lt oi Saeed A- tol tas ay me) teak ato 
may be a prepared data structure. ah eftner case, it generatly contains 
eafpeoy Boe esiS Seoiw mei fis segd Over emaing  tetuqia. Inlaved 
information which peopre: would normally cbmauinieare to each other in 
sof deocn See fe soe STE to gaodt o3 betsloyr isseamoe gob 
Big tse sentences. I consider the atore of information which as the 
“SInyotoad oe aiei 2 ven tifdus en: « aot Fsbom 8 e9eu amsae 1 ELOY Gwe TEE: 
basis of Bog or ee ayaten as a model for any set of 
oe Cre 2! Tesenos amen edt watw Tesh moda Yo suon base feo: t 
English sentences witch contains the same information. Of course, 
QELIesIGIai NeBIe se esa ameteva gesds «. dupe ,rsvowoH Ala ae Todtas 
"information contained" eters here iy the semantic content, not the 
,ALS iu mgiest ads bounsultrs sven date to eres .aov dena 


number of information-theoretic bite. Note that, due to the present 


vague state of semantic analysis in natural language, the most effective 


o_o 


2h 


way of athrever tee shis information Sees! afeae munptd ofr anaeriny lew 


i gro Paging! Sr; @aakoonm avidin sb tie vis rl8e 
system’ s store, of. information is &e sak, tbe, BY SEER: BORE scperniecamts eqide 
SHR ee. erie yt ia? eee Be "au se okt Ie: eat J fotetea me Pa 
and make: subjertive: inferences from ite: PerfOSMBRPerobar sh 
PRA gts _: #9825 e732 of axetey .poages 
gsi ¥ . : : is tang Te i 5 aed BYS ey % Bf snail 


The information store of a system is a * model fon a ‘set of English 


bets s a Pise,: ban 


_ Vs Rech ane | Si aotilw Se. or g baie aie renee yh risa dw 
sentences eencse the information which can be extracted from the 


be gharoe#® bare oye i fgwel 3tgm BRS YOU .SLe Ls a 
store corresponds 3 in a well-defined way to, and in fact should be ‘ddenci- 
Me led oO 7 % Pai svoue (fitbel bezgepsero meune cy ghivivs 
cal £6. at least some ae. he. inforinetion available in the sentences. 
Brees spoind ef a) af teivceni vilow orekitss ben ish 
The principal advantage of puck a model is that it is easier to ident ify 
¢ sac’ se og ave Sluow maugoid sda sehwiguid AOE PEE 


and eeerace desired information from the model than oa would be from the 


aPiluun giivice-msldoig gusumeqgulel me er e347 


complete English sentences. Quest ion-answering evétene have been devel- 


oped which use various kinds of models. and which have achieved varying 


aS wae arzones le ai iisbom enivewane-mo!jeeuG ig 
degrees of success. ‘The best-known examples of such systems are dis- 
Soe C0 Dane Fics! pane eS Beibivaty dikw banmysongy «f gp. mojeave 


cussed in the following. section. The structure of the model used in 


ge PCRuT YS ash a visogsy B fais .9aote s dave guigotevss tub se ittsc ces 
my new question-answering system is discussed in Chapter III of this 
PUPS EG Ab ETD Seis ae Giggs =YOde Judi mort mardawyolsl ose ltyutags 
paper. 
i i wT : boas efeach sift ao qn oi. Maud at? 


Cc. Sollle Existing Question-Anewering Systens. 
Epon eles Site Pr awe S2io o4 tydouyge steb bateortg & oe YAK 
‘scoveral Somputer peeerare have been aritten whose aims and results 
tafhdu fun G o needos viisetoms biges si qoeg fodabt osisevatiud 
are ana related to chose of SIR. None of these "question- 
with: sotehy mos cu. tote adi raebresco: J LQ ANS See oh 
answering" systems uses a model for storing arbitrary semantic informa- 
PG lnk VAR is hoWSleVe SM Levederal y.9uP god FS @ivsea 
tion; and none of them ‘deal with the same general kind of subsect 
SHE ES y. Sate add saisinos solrw cuoneinee fpr leach 
matter as ‘SIR. ouered, pers of these systems has coctein: interesting 
teanmoo “lasses ae ang os stadt susiat “boaradeos mole asa" 
fstares: some ‘of which ‘have influenced.the design of SIR. 
fipoecuy GF sdb odo suk cfc) cial) cetid otisvouda-asijgesrein’ ts ysdacur 
, , » 
i 3 rok ies g $30 Siciimucee SP FL Surge 
ook ro roe ears eh Baia bab a ee a be eh ata “ 
«tet 


verbal English questions about a set of baseball ‘games. Example: sei] 


‘ ti) Meg daey ‘tdane played in’ ‘plades iniaJuby?*) boo ee el 
gutput: - TR OM IRM tg Be Seow ny ao biseyssd ee ot} lipted 
SPEAGE 5,5, * gi "8 B doped. . fade titans waite: 4 oad WOH 
ria rman > 3 dt YANREWS, “TEGERS| RED iSOX. 0 Soe Bt tiem 
The stwtdd “Mfemmetion (model) consi sts of -a Tiet«st tucture conta tating 5 * |: 
all the rélevéut baeebell gade ‘results -eromged according: ito ja pres is - 
udiectel hierarchical format. ‘There is no pidvieten fdr dutometiaably~ 3° 
modifying this model. Each question is translated into a specification- 
list withthe Wesited informetida ‘wip resented ny Hlashh,’ Bats iagicifica- 
E1on-lide Ee otNdd ‘eatetied Segdinst the m6], Che bhedkes filled, aid tie io 
entire field epec ffideeién-1i st printed out. Ne attempt Le mide ito liv) 
respond in grammatical English. Houinge celignd 
The bulk of the program is devoted to the task of translating a2) (0x3 
siaueion sentence into a speciflcation“Tist so Thisibbquibescloéking upiig2! 
words in a dictionary, ‘{Q0WEL# pins “di dihs (“pet fetdbilg gtinkaiat teat 
analysis, resolving ambiguities (etc. fiNe dlotiidnaty cdtsiste!e?2 a set 
of entries for each word, sock as its part of sp¥OONsabhetHe? id word ii9 
is part of isn °idiowy ead°its "medning?" ‘idewing,“ which-omly appears 3:7 
for certa@ixt words; Pefers to a -cddontcal trangkati on sof 20nd word: | 
within /ehé donedre wf “the progtan; e.g.» She weaning cof “whoY tig. 900755 
"Team #7" © Fee the epeciabised:natere of the igubjsect matter enabbes: =i 


simpidé (iad hoc procedures to solvéeowhat would otherwise be very difficult : 


26. 


problems... ‘Ehe model ‘consiats.of a fixed .ebruqture sf iafommagion: |. 
arranged to, facilitate the precess of filbing blauke \in-gpecification= ;; ;.. 
lists. Spee caSea Fae Gn Gea & Jets emortesuy feriges faeows. 
The "Baseball" system gives. the iklugion of -iateLbigemsk kehavior :5...., 
because it can respond to a wide variety of English question::ferxms. . egdey 
However, a limited amount of information about a specific subject 
must be pre-arranged in a. fixed data. struckunma;van¢ bhe data maugt lend 
itself itd -bierarchical ordering. | Such a. echeme peannet, be, generaliged. «+ 
conveniently :to handle the larger varhety af .iafomation-which is, ..5 i): 


necessary ‘fexr.a truly "intelligent .systemy | oc: feobiious obo be dos 


eae me! Oe eee Catt ea oe 


 writtenim the LISP programming Language, :(23})-can o@EFec thy sangwak joi: 


certain. @imple English questions on. the -hesée qf :earpys of.simphe |. ..... 
English sentences. et ae P Gete g Seidee tee pete a Ala. TAS fd 


Example: on | bt POS PSIG LP ee be Be 
Ainput:: ((AT SCHOOL JOHNNY ‘MEETS ‘THE ,FRAGHBR) 9 2 oj coe en ce ea tecup 
(THE TEAGHER READS BOOKS..3N THE -GhASSROQM)) 0.6 ete hi eho 
- @WHERE DOES THE ERBACHER .READ BQQKS) iby cds solv l: 
output: GIN THE CLASSROQM). ts iPoaae ose . bats does 
The model for ia sentence is ia list of yp.te:five :elemente:. subjectessus |. 
verb, object, place, and time,..-Thig model is constrected -far,each |... +... 
sentence in the. corpys, and for, the question. (wkene-a :special,eymbal .j 4). 
in the question-list identifies the unkaowa.item) o. The question+list,,. °° 


is matched against each sentence-liat-end, (i£ an appropriately matching... - 


fy Aine RIN tons Eaters eine SE TL SL TONE ct a ST eer eats Spree teem st 
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seatance is. geund, the carract.reply:igq -extvacted 'fremuthe ootre: 2). . 
spoodiug sentence in ithe original :¢d¥pusce). 9. 2. coo 118 dy s9ome Tt. 
This isa sprimitive system i several obvigees respects: yany. 260005 
ingeneatiqn sin a vsentence other than the ifive “basic selenite, and 32> - 
any sentence which caunct -be analysed y tenignoned p> ithe teordbe vin othe d= 
queat tan: vast bie camactiy-the: sane (es those cin i snexyiue ieentense 94: 
qisetion must be answereble on the basie wf « single sentencestrém | — 
the scorpue; send otise madel for ‘tie mntite:cerpus hist: tnd suarohed |): 
linearly: for! ake answer to eech queation.: : an phe dew of 2! 
model, which ote cteated and extended aucomettcally as wew iéentenian © |. 
are. wided, and which #erves ag:an intexpindiary: fousctomsstet te! 
finding atuwers -to: queptdoas,. ie an essential: fepture ofan Antethdn::. 
gents. hamianrditke, syeten. r- and. is the dmportent contribetior tf 59%sobbc. 
Philddp'mwosks: ©:tove5 sou costes co or one pauqany ait neti yiievldem 
3) > d@ENFHER.": (38) This: program, written. ini ths: SOVIAL programing 
Languages 437}; ciate anewer. a. wide variety of) quertions' aeeet: Anforaation: 
contained. in s-larpe corpus: of simple: netereli Englisty wucksee the) 
Golden: Beek: Eareelopeiia:: Smemplet ifs: ci tosieoe tone ma baead iehom A 
Anpug: va PWheate de bitde eat?" 600 6b wehbe sce etl tr eden 24 
| the encyclopedia): "Worms: ame: eaten: byjsbirgec: 2 lies ib 


output: "Birds eat worms." a4 waich 

The progugm clenei tien all: words: aq. either) Spc ioe Sorte; which’ have 
structursl (eynsactic): significance: (aig. )° the, 4ej2d0 ,swhag)s and: jo00" 
content verde, :which-bave gamant4ci signi fjeanse. (invpeactinepresstent( >. ; 


words are any words which have not been chosen as function words). 


Po 
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Initially the corpus (the encyclopedia}:is. indexed with reapect to ‘alls’ 
occurrences of all content wordszi::fhisitndex‘ocedpias about the same. 
system, selacts these semtences from the Jcorpus whiehvhave the cgreatest::/ 
number’ iof: .centemt words cin: commen whith the «questions: At itwis:potmt: ~.5 
elaborate -grammatical analyses are used -ta determine «whether :any tof ‘the> 
selected sentences provide an anawerctorthe:qudstione:: «0 Jeux hci jaeup 

Thi¢: system deesu't use a madd) :at -abl ; thd atemp bete corpus :'is ‘kept! ” 
in its original ‘form and referred to; seni necessarp; through the luge: :: 
of an index... Sinee: the dinformapton i s:it: pre ~prodasged into ‘@ nore © Or 
usable form, the grammatical anabyais:.1equired atthe! tise the question * 
is anewered: is:atite complex. Recent ve hited work ‘by Klein 429) oc bois 
indicated that) some of: thei nules:of the grammar car be developad@aitow's 
matically from the corpus, and information from several seutemces' gia i:\! 
be combined by use of syntactic methods to help answer questions. 

_: My feeling ip.that: the wort-ralaniang: be ing develpbped BY ‘these « 
"dependency: grammar’ methods. can be discovered mone masidy by\ meang 3: 
of semantde analysis;: ahd ‘they. would then be: more duty tively: meaningful. 
A model based on such semantic relations: @puld sigpifieaotls siopd ify lo: 
the question-answering procedure. SIR illustrates the’ feasibility of 64) 


directly storing: aad: using semantie:a@latiomme: . 0300 2b 3 2 SER 


Semantis;: adi pachdne.”. (21): Tai so program: writteas an: th? IPL#¥o:" :e 
(26) spsyogvamming: language, accepts ab: inpatceany seaterice(tin- Baste 625 010° 


© ae Piet a ee : Tip tas Pe) ey 26 fd GoabG? oat 7 rae Ps 2 fi" Sey 
eg hohe Rese Lhe EE ope Le ee nea Dares at pees a A A Sab Ned Gas ua 
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English (36), extracts from it-ainy intotmitioa oncetti indy anaes 


et 


and adds this information to a ‘family tree.” fxample: °” 
input: "John, Mary's brother, went home." 
effe eer Joht and Mary are-aseign 


they are represented as “déscendent®“o 


tree. The ‘gremar ‘is sufficient ‘to ‘fandte's a ‘Cotisidefable. ‘portion’ “ot me 


cory 


natural English in cetopuicicg ‘family “relationships. ‘although the i 


it iodeve MO UES CELT er, Beitr 


author does tot ‘Consider’ *quaddion-snnveriag. in “detail; tt is clear‘that | 


the family relation information is immediately availabie in the tree ~ |” 


model and specific requests could be answered almost trivially. 


1 Baty. ayaten. iLluggrates, the, rebfecrivanase ofa wodel. dentent oes 


sAdadagy dacigedsin,afvaice,ebet onfy. ae 
retactahe. yete. of. pms of ‘baeryed, hac bare, ts. a “patyral” 


for a ‘very. vepecitic. hagk.. 


alse 


was received we? piepeneed, inte Fhis medel ro keaying REMeCAGMELY | soc avy 
nothing to be done at questiop-aneweping time... . Bod ge EPS EEa> Ba “Hie eS 


“then whatever relevant. =feebicat hg”? ° 


_ Unfortupately, different. forms of “natural” medela. are negded 


for diferent kinds of information, , In.@,more. general qysteme te oii 
might be. posaible to uee.the beat avatlable model $o repraaent infor... 
mation. for each subject area +-6rg,. treeq. for family repationgs isis 
Gartesian coordinates for spatial releatjons, perhaps jugt the original 


text in. areas for which there is no. obviously better representation; .. . 


but that would bea confused syatem with tremendous opgenizatiqna) ... 


problema. ..The SIR system 1a based on a .sigeke model whith captures... . 


iwome of the advantages of various specific models while permitting . 


t 


30 
uniform processing procedures and permjtting the storage and retrieval 
he ers WP) aubande BG AU SUERTE ORES WAG DL Hel Papo abc age a ee eae heeaee J 


of arbitrary facts which arise in human conversation. _ 


a 


5) i rogram for the 


into the notation of symbolic logic (12): This program, written in the | 
bit a eas ‘rr tt panis) re OTP ee SEB ONS UES Ae. MO Aesth Te Ese 


COMIT (34) programming language, tranglates certain English riddles 

into a logical form which may then be tested for validity by another = 

program, wrjtten by the same quthor, which applies the Davis-Putnan 

proof procedure (13) for statements in the propositional calculus. 

Example: 

input: "If the butler was present, then the butler would have been seen, 

and if the bitter was seeti, theti’ the butlét would have bedn- questioned. 

If the butler had been bhep penne arte the butler would have replied, |. 

and ifthe batter had répiied; then the buETEE would have bee heard.” 

The butler was not heard. if varie ned was neither seen nor he rd, 

then thé butler must have “beén on duty, "atid {# eRe“ butler ‘was’ on“dlity, ~~ 

then the butler must have been pregent. _ Therefore the butler was | 
i pete tt Taye Ley ree ida fad 28y deliv jos yYitme’ tel 


; one 
By he Voss 


ee) 


output: [[ESM] , [MPN], [NDP] , [P2Q} ANCA PMA QISSRI AQ [RSLITDNI - 
The input is typical of a type of probiram which appears in-élementary ©" 
logic texts. It has been pré-edited té“pstfdrm certain’ clarifications 
including rémoval of most’ proriouls and insetttén Of necessary marker’ *°° 
words such as "then." ‘The program transldtés this itiput, by“means of 
dictionary referéfcés and grammatical analysis; into the model, which’ 

is a Statement in mathematical togic “having the same truthivalue ag‘*°?"°’ 
the original English statesient. “The “quéstion" ‘ti these problems ~is: 
understodd to be, tts this argument valid (1.e.,nédessarfly true)?" ~ 
and the arigwer car be ébtained ‘ty appiving éstab1ieiéd “méttiodé ‘to tHe: < “* 


logical model. 
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"Ae in Eindsay's Kinship system: (4) ‘above; Bar lingéon"s program: 
takes advantage of a model idédtly sditéded-ehe "type 6f prdblem (OCS < 
invobved ‘and advatice kriowledge of “thé ontypossible questions 1f ore 
considéts the possibility of questidns suchas; What Wwaé-the océupas 9% 
tion of the suspect who was questioned?,™ 61 "What was ‘done ‘tothe © 92> 
but ket?" > then the ‘compl tcated proced# ‘of ‘tfandlating the ‘cdtpdw into 
logfeal textis would tit be of aiy-aid fn Finding answers.) Gnily a 
small patt Gf ‘the infotmatton needed for tneell tgedt Behavior att 
be expredsdd 48 the propoditifonal Calcubye:* Ae wilt be “dtatuesdd be)" 
Chapter VI, ¢ven a version of tlie quantificdt tottel calculus fs not“ 
suf fiefdit ‘to ‘formalize the convérsattoual abiPity of /$1R; “Ww procedural’ 
languadgé “is also necessary; °° : ah hats 8 ant 24 LH 

A Tee web dsobics 

6) peer Segarra oe a alge Thee Ts 8 
program, written Ls ithe “corr: Progr anki | angina 2 WwETE eecege whoa 
information and stswer questions framed: iW ‘a SehieTl ‘wiatib ef of “fined 


Anput: DOG IS ALWAYS MAMMAL. ee ite, eee 
MAMMAL IS ALWAYS ANIMAL. 
“WHAT PS ALWAYS ANIMAL'Q. 00 th Be Re 
‘The input’ Wententes mist bé in one Uf five forudte (eig., "X 19 ALWAYS 
¥." "X MAY BEX," etc.}, and only one Securtente’ of each foruit say 
‘be held true atone time for atiy bne ites Ko this input infortiarton is 
transleted® into ‘the model, which has essoviated with every item ¥ each!” 


corresponding item ¥ and an identifying number for the format which set 


32. 
up the carrespendence. (Zhe model actyakly.congists ef linear atrings 
of tagged entries, as ig required: by the COMET; language). Simihatly — i503 
there is a.sma]] number .of allowable questionrfarmats, cach assogiated ,,.;;;; 
with one.of the ipput>formats .and reayltipg in:a partiqubar..class of), ios 
entries heing retrieved from the model, 00. cay uy co ee ns oe nots 


The major mee of this system, whichis. 4lgo,.the basic feature 5,7 


kinds of samantic relations between. particular. words,: Questions are oan: 
analyzed with respect ta, and answered -by referring to the mgdel .for...., 

information about, these same relations, .Peincipal shortcomings of .4+.:.45 
Bennett,'s system, which I have overcome ia SIR, .daclude the followings 3s a. 


1) Relations are identified with particular,.fqpmats rather than... 5) 
with their intended interpretations, 


2) Logical implications based on the naan of the relations 
are ignored. (Cu? PAR spice Stew Soi smIgOTe YSsedeos 2 USE! ¢S 


3) Interactions between diffenent relations are signorede 2c iccy 


4) Ita string representation makas processing, the mode}, mora 5 . 
difficult than necessary. 


lames. Syamtot 
5) The user must know the form and content of the model tn order 
to make changes to it. Wlaticas: RBNAMLTA PP noc reese 


In summary, several computer quest ipn-7angwering, eystems have been 
developed to solve special problems or i liwatne te apec tal ebadae Les «oo us 
None .of, them constitute a direct approach, .to proxdding, intebldgent. ft 
"understanding', behavior for the. compykern; ,difhough various forms. of 
models are, used in the, existing systems, pane, represemt semantic, reher. od 
tions in an intuitive, general, and useable: way, , Tha.SIR modek described, ; 


Pyo Rte 9 wiB YY mati if, GAG Leet .ao 
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in the next chapter provides the basis for a system which is more power- 
ful than any developed thus far. The system based on this model can 
store and retrieve information about arbitrary subjects, make logical 
deductions, account for interactions between stored relations, resolve 
certain ambiguities, and perform other tasks which are necessary 


prerequisites for an understanding machine. 
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Chapter IIT: Representations for Semantic Information 


Sotave # wet 4zisad edt aebrvetey votesda dren ana ak 


“the STR model ts” the cdiLeet ide of Gata WAL? EME SER Pb gbahs coh 
mic Wedel" in 


refét to in’the coutsé’ of questith-ahswerihk. "ft 4s a’ ay 
the ‘Sense’ that new’ information’ cah Cast’ ditomacie’ adtitidhs: YF changed 
to the datas’ Th addition; TE4% odebaht le’ tedeis tn’ the Sedwe That the 
data are organized in a structulé Wher "Pap ie seit s Phe heattihvs & OF the: 
English sentences upon which the model is based. The purpose of this 
chapter is to describe this semantic organization, which is reponsible 
for convenient accessibility of relevant information and therefore for 
efficient questidn-answering. 

Many kinds of "semantic" models are possible. The precise form of 
the SIR model evolved from studies of possible word-association models 
and of the semantic systems of mathematical logic. Its implementation 
was influenced by the features of available computer programming lang- 
uages. It is only capable of representing a particular group of se- 
mantic:relations. These factors are discussed in the following para- 
graphs. Chapter VI will present a proposal for future expansion and 


formalization of this model and of its associated programs. 


A. Symbol-Manipulating Computer Languages (4) 

Programming the SIR system, or any other elaborate question- 
answering system, would have been almost impossible if not for the 
availability of symbol-manipulating computer languages. By taking care 
of much of the necessary encoding and bookkeeping, these languages per- 


mit a programmer to concentrate on the more significant aspects of organ- 


Talore RMAES wee ea tan cae Dee eee dg kee tt ao RIES Soy te She ee De Sa ert ae eeepc s “: 
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ization.and representation. necessary fer graklemraatying. pSiage the .. .; 


choige70f sa symbol~manipulat ing. Janguage,was..9. important step; dn, the -:5) 
development..of $1B» it seems worbhowhale te .diagussoshts clase.of; laggs 3; 
uages in, owe D@kadhbe 8 toe yudeosd To ansldouy oy ddiw tease sgoxg on) 
Bistorically,the:date used in gomputerschaye been numerigal, ims. 
the., farm. of: aibhex, numbers. or, f4axedneise vectors. ged .arsaxs of number sj... 
Question-answering and other areas of recent.computes research require: «., 
the uagiaé symholic-as,well,as .numenic:datasiand iti da: frequently desir- 
ahle.te transmis, infgemasion. by; means efuthesrelekiqnal stryghure.88.:0 o3 
wedl.as othe. symbelie censest of. the debads the (Yaymbobowandaedst SBBE ce cs 
or Ndi atmprenessing! :couputex, danguages have beens developed se-bandle sfc, 
these, epesial.Prosensias;peeds....Ancsmposhennofawture. ag sbege, JaNBUrK0: 25 
ages 4q;that computer wewery, space, forpdeta i struateres Baad. Neb bes is5c lo 
preyaeqigngd).etorage.far-eacho skruchure tevedleget ed, auvomasical hy: 25307, 
as it.4s8,needed;....7R¥s.8 symbol opment py basing, Legguagedgéves 4: BEORE MRAGE «| 
a powesfyl set of b0@)s. fon. describang. peqcensaswhashi creates wOdtine: 3. 
search, or otherwise operate on arbitrary, amount 4.9%, syebelic.data with; ;,; 
out |Reigg. ceggernad ;with,. the aghexent,limdtagiegs,, os hegag numeriqal: 
operatiogs..af.the. computer; being used.) gig ycitsmersctq fol aseodo su 243 
1The,.gost widely, ysed. aymbo] nmanipusahing competes Languages. abe..2 2 is -, 
IPhy; (2525 ,C0MAE: (39). (and LESE (23)-#.238L» cwsedodnaphenbeashads" and in. 
“Gh SA sanestdogsanguering, systems descrabed.ga thes preniqus,.chapters. 1 


-* See reference (4) for definitions of lis — 
detatled SeacPTPt fod ahd Cdtpatd done 6F°¢hddel tin Bl sonotetos esa * 
329 


4 
-80geuuge! sent to eneaitsqmos boa snotiqiroseab usiindeb 


Sa END SMPTE BR ET Fo ST IN 
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is one ‘of the'6ld e#t! syniboTumanipulating tangddgé@s; °° THe basté dtitrs°of!°- 
data Ubed IniIPE ave Lest! structiires* eétposed ‘of IPL SymbOlss ANC IPR! 
program descrthes symbol ‘manipulatton ata very “Basie ‘level, Peayarigolovs 
the programmer with the problems of keeping track of stérdgé a#@d,i 2285: 
symbots assigneds"ete. On thé thefHatid, “tt i8° quite eaky! tn! IPEetd 
build ‘up @laboraté ‘programs dut ‘of simplét: prdcéases’ dnd tdé-manfpatate 
arbitrarily complex list structuPes; 19 2686 Perse bee eb tawane eto teu 

*.COMIT Was-originally desighéé'to: bela cénventient’ system in whieh 9%» 
to process ‘tatuf#al lLatigudge; and was ased ‘in two idf the ‘queésttdn-dnswering 
syst emsdeseribed': abéve. - Although COMIT isia genéea? purposed syMbod manté 
pulationtaystem) te! ¢e- bese ubved tex prabsems ivetving§ striag* mai pul 3 
ation; ‘£i'és, proBlenis 2H ‘which tHé-data’éan- be*repeséented -in- the form =>” 
of strings of symbo1é without: int redieing atidueteempliedtion into the = 5° 
processing aigoftthms. Yhe: COMET syst en 'peov2des a! staple yet power eal 6 
formal t am~ for descrebtag et ring mahi palae tongs’ this? £étmal ish can’ be?! 
extremely tiseful’ fer describing: procedures sj“ sich “as: parsing, ‘which opers ~ 
ate ‘on Sefitences ‘of natural léfigdage, “9 © Fh cscs Babwier ds 8 peas 

LiSP; the’ Language’ used ih’otie of the abovd- questionoanswerers (and: 

the one chosen for programming SIR,was*originad ly désigied ‘to be a°fers 
malism usefdl fdr’ studyttg’ the mhathemat téad proper’ tis df fiinettons of 
symbolic éxpréssions: aswell as:uséeful ih-a peddt teal « programmirig « byatem: | 


LISP ‘programs’ Consist Of fanctidis, ‘rather’ thak sequéhees of tise rice tons | 


* See reference (4). For, defipinions of. Tet aeccuias tee ‘and m more. 
detailed descriptions and comparisons of these languages. 
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adn 


into, symbolic expressions, the, basic: form, es LIBR abate. sora i 
is a bhmary, teeex. which, canqpetly be weed to, represent, dist. structures. . 
when, negeenary. . The, organization of. LISP. programs jnto functions, enr:.. 
ables; ong. to, dascribe slaborate recursive, tree-searching and, ljst-. 
stauictucerbutiding operat ions, simply. and, peneisely, . Reasons for. iene 
chooging, LISP as the janguage for, programming SER inciude the celleyings 


“yp? Wylie TPL DYSP GPiers sdveret wi gi ficant programming ‘cork i. + 
‘veniences such as the use of mnemonic symbols and the automatic main- 
tenances of available storage. -etey fans Psotveamous por Daa 


2) Uitte VOMIT! te lek tr ee-art Tee eerukwards 6! whitch { 
frequent ly arise in the chosen representation for the model (see sec- 
tion ‘DY -- dait be represented 41 rect By “we EPSP deta i fo roivsdcs adi) 


3) He ‘DES? fotine Pedy ‘Oe parti dilarty wet sutt af for desert bing > | 
the recursive tree-searching procedures which are an important part of 
the RYSLEN . oe Rca Meir rpoud bleane por eats fsleer off (Ca 


Eleade uobgeeioluk ooecde cf soy SYTS Foe ioidav obhiw »s va: 


In ati earTter speciale of STR, ane lace vised! as ied duseeaess a 


,2OG5 oe TG 
translate from Beghieb. sentences into a function form better suited fox 


soda -agycbucore adi obvaoup eld ni bevflovet ayotte edd (is 
ts fnput’ pe “However tee pie “sinkp he Reema. vafidticltig input cpronietiuives < 
ten ,iebow ont mox AvANGB ge iyG betsy 16 


finally chosen (see eaccee 1v) could just a6 ieuetty be hart ab Wo ESR, 


the -problems of a hybrid, system were, avoided, by. convert ing, everything, 0 


to the LISP language. 


7 14 ty to obese, 6 FE Pr es . eo dasged 
bE oe, OTR LF BO Gat PT SLYGH 


Word. Associatign., Models efitic A otek dl aindetg Pac aduay yilsvac -anyee 


S} 4 Bs 


od, The.variety of existing quest lon-anmering ayatens decusged in the |. 
previgus chapter. demonatrates, that, many different, finds of models for |... 


poy pee ced a metic apadahld.a dreagqiqesy oF abiovw neewioad oasis 
* See orereice i) for definitions of list-processing terms and more 
detailed descriptions and comparisons of these languages. eel 
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develop question- acti. ‘py st ene’ Whitey a> wat ey “th! Gipproechi 
ey e.g. “Littid att el Meee hep progam,” whi cli ‘tented < é 


ately pro¢ess ‘the text ‘ttito ‘a! Form Ero Whitts wat pated quésttots: caniv 
be answered ttividlty, ‘but whith ‘theteiy Aeiot uti OF the’ tnt ormatton © 
in the input. “At the othér vxtrane ale Gyecdinl SAE the S¥NHER syst! 
ten, Witch stimply'stite ‘the vhw' Hela’ Ghd periods wt Het dssary tomiput) > 
ations. after: aah, ‘mpembhan ae. cebnepiein thanahy kaconing ercenanla an 


“EB ST SUR ud oda Steamer Ju gay add eB clase bite g 
complex cramentical eualenies .syptoga sfdedbove 1 SSUHBTS f 


I feel: that wm ayaiem ER is; capable of dante lhigant »; » PURAN- -¢ e 
Yl Gattstiseeiqsy aseods sd3 ci seize vfonen eee 


like behavior must lie between these ten extremes. .accondingly. the o.1: 
Ba i Sie neat ia hed ee CE 


Pe A%eqQ day te: vo osewubsoorq guaidotece-o9tl svigtusyd ais 


i) The modél ee dhould be generdl Wnitigh tu’ Be Wwelefl 212 
in a wide variety of subject areas, yet the stored information should 


be specifia.enoush to, be of raal, assiateeee Ja cthe questiensanawening, «1 


process. 


yot be ttue «xs dose} mcliom? s oiar geonstnea datigud meal ssatenc 
ii) The effort involved in the quest ion-answering procedure should 


be dinkded between the ieb:-of enaoding, snp, inte the sade} and, jab : 
of retrieving answers from the model. Neither job must be prohib panes 


complioet ed. oy, time-goneuming. seo; hives CII veaged? cas) moaods yfis 


Modell's ‘beset’ updh word and wordadecctut fone Grd ne best! ‘caididatios 
for meeting these requirements. -OgsEGREL Sait sts 43 
Words are the basic symbols in most natural languages. Certain 
es Wétereet! Peal! 
objet a. RE the SEN inde 1 SHEE ase Wiis thickisetv es’ to epresdiit the 
object's ‘or éfaséed dérbréd ‘by ‘the Wotts S bhd “speCeee Winds UE assbete 1 


words, usually verbs and prepositions, denote 


ations between words to represent relations between those. eel tc or 


ton bam &atet seteesoci:- dail to snodginiteb 162 ae 
classes. 2208S. agi? tn aoe ptedmea brs mors 


Before ee the kinds of associations actually used in the 


( idomoxz 
SIR model , “tt. wus consider a simpler |word-association model structured 


ma ots clas Ife 65 rey: cna dtawesmen Bereete i relations; | 
r>Loidey Son mip 
This nate pate was. ‘considered early in ths, anventigatign, has certain 
: Cris ed) 
possible apqlications, but alo hd ‘signif Leqat drawbadks: whitch” prevent |} 
H ifeb Ifsd WR 99a Gwid 
its ude in” pK. mH pce structured as ‘fellow een XK ard Y¥ be words 
Casiew) ot gadeyednd 


sj donot the obapere or classes rdpresented by| x and y, respectively. 


. & bn touokd ai wigsiguks 
All uct ‘words are jarvanged ty a tree, dee, partially ordered, accord- 

i i ee oe YOu Ped OS sudde ree 
ing ito the foll lowing rule: ney “if eteher’ xCy 01 or " x€yp a ladateyon to 

{ oe ring, im ‘®) Hob tiddss YIoy radu 
chia eimecs ordeting, deriqus kinds of seconsaty assopiations can be 
. sghtot.aoedi foal VItekl 
indicated by special additional) plete: ts imflarly, e Re eee be 
Sho asdsit fo) woo 28M 

partially ordered. For an ‘4f x and y| denote the subject “anid ‘ob- 


ject, respectively, of a verb g ina sent ence xj xdly » we shall éeder verbs 
sed weta00% 


by the criterion: ae if, for all objects x and y, xgy implies xBy. 


a cc Sr co 


shows such trees for some words from a Piper gisie reader (29). The 
parenthesized words were not in the vocat ulary of the text, but are 
included to ?_motivate the organization pe ‘the tree. ee 
ce (avi ¥: : EY 


Having Wiie the tree of noune id the tree atvprbe, I must now 


lee, 
complete the model by ‘definias. dennection between hear ue éaeee: — 


HSN toil sat 


Although a formal aoracion tr ar crogs- links could Be tdctined: for 

present purposes a ‘shall biaely give the ‘following examples of state- 

ments describing sroae- Linkages “(with respect to. the node-labeling in 
HEM PRNVAT OO? oe EtOW A fk SHUT 


Fig. 2): 


i) Any noun below node 1 is a suitable subject for any verb below node 1". 
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a: NOUN TREE 


something 


boat see-saw ball doll 


adv ys y 


i daha 


“Betey- shee 


ee: -MavMa, Mother 


He, i i o 


_ puppy “Mac cow (chicken) goat pig, 


2 ft: ¢ ' 
Jip 
rooster hen 
ee ecerreccceone Nght ed Sat oe Dosen Remee: Wane! le Big 
b: VERB ails 
ee 
eo 


run jump hop fly 
eat see laugh talk say 
oo Sack e kgarre a 


$1058. 050 O SOLS E 6:00: 00:8 00 O08) 806588: 0 10/0818 018/018 AEB SS, 8.88) 65858: 90: 


< T. jx ‘ pele y,* F te phy Reel eae cc Troe Dt aig 
ERE 1 ran ase hae a ok Ly sa zie 4 


"PIGURE 2: A WORD ASSOCIATION MODEL 
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11) °"AKy ‘doin bélow ‘node 2 is a suiedble hiBfade “for ‘ady Verb ‘above 
node 2', : ; i : Gn ey 

Wal ie. gqoisedas  roy5 nerbiiessy ofc 'eelt mors gevesy Bend aheil > ant a: 
agate Pamae alge Ganse 2 Ore rey we eee te tee Werte PENN ane 


¢ 


ifi) 
fiddé 
The Complete ‘addel, composed of "tree 'dcedccured dnd sldtadént’s “about” 
their possible connections, is a representation for the éfaés of ‘att '*?*” 
posbt6id evened.” 18 'Sther words, “it veprésdicd tnd’ comput éz "8" know- 
ledgé“of ‘the world. “WE sow have ‘a wectianlaa For casting the “ éohérencé*’ 
or "éantng#dtneds”"of Hew samples df téde * As 1dfStmation is ced tate © 
a iyi ed Wick des “tid “hodel, ‘the pesetdd Would dingy Vave to “tnderé™” 
a "thédda" “dP spectal Edntiedtions fatd “Aid tidder: “he ieikedd ‘vouta 2) 
distinguian tise ‘evéits Which aceudlly Wappensd Hida’ those which are” 
just "educeivable” “Co “thé “Computer. “Questféns "above the “input sfate-“°°* 
ments could ‘then be answered by réterting "86 Tee nSeer ed BSE Waifch way °™ 
the thread passed. Such a model “uid be useful in a pragmatic system 
such as Abelson's (7), to test the credibility of wide Lets 601d te 
could idevtrey ‘gdurédd ‘of fea “factual Pasi edge by theft “Chtédds, and 
couple tHe VeTLabLTittes “of ‘the vattodd “eddPedg?™ ° *tehom to 48 uz. 
“Spee udat Ay, Hie tuddlel WesdPived Vad d&VeRRT dPawbRKE Which °°" 
preverit’ ‘Yte vied’ th #'gendvat “sdnait' 1d inssvddtion He etava Bdtd. 
It is ‘exttemety“arftteur ‘Yo “nsdtucl if Wedtul kode? SE he ‘form des * 
cribed, fo" “bigntefdant “amos ‘of Hedtade ton? Witetag Epeegtem 
which would add information to the model agit ead ta tical 1% ‘gue ‘St the '* > 
question. “te Wet “sia Eh Yetdttnd “add Woe Bee fei bid “ES Weacttbe 
many useful groupings SF xoutle? Bud the “‘edtPodud’tdn ofa FO Eddie Bodat” 
relatidns Would Youtide tid Stricededl “dba SHARE SP ue ade aid 77°?” 


-Siavgivibo? to esfeud-n bowsbte i. ts2¢ 6 ,moideler to gigcihbero iasige: 
force the cross-link statements to be much more complicated. The ver 
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groupings, in order to be ugefyl, mugt be carefully selectad according, : ; 


to the ill-defined restriction that the resulting configuration allow 


Pou TO . ppigue on vam A anf esbodg wofed snuon oles Ua 
simple and useful cross-Link statements. This may not always be possible, 


EF oP 


and certainly becomes more difficult ag the number of relations con- 


sidered increases... es ‘ 


LER a OS ERICA BPO a Py OE SPSS 


The model yagd tn SIR $8.8. wordsgssgr tation mgdal similar 19 ame o. 
reapects to.the one just described, However, the words are linked in... 


a general manner so that ng,particular relations. ATE MOLE . significant... 


Ada 


than others. The model ig constructed, qo the bagss of eaiamleatix 
completely automatically. . Degcriptiqns of the behavior | of particular... 


relations, which roughly correspond to the cross-link statements i An the 
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above system, are programmed into SIR rather than being part of ONS: our 


model. Section D below | describes the actual, model uged in SI 


wae ac biues etme 


; ‘ ae t : a an] 8 Fn Fu thee i aig ak * ‘~ © 4 if a, ay . 
ae Malt bi aay Ue ak F Soe eget SSuaw Jehan « coud ado) Be fberhtadg eda 


C. Semantics and Logic.» 


t y Ps t - ele ” é oy x “ + die as, 
PElsalipe tua weld 4aag as Evi aso adudA ei roots 


_The ,atructure of the S3R model wag partly yptivated by .the, 


Li sitss obuos 


structure of models in mathe matical homies, _ These logical. models, F PEST 


sent the / meanings’ .of logical statements, and thereby help the, mathema- 
tician "think" about his problems, .in the game way that the SIR model 


G57 6 


is supposed to represent, the “meaning”, of English input. and thereby . 


XR TE De 


, an 
poh pe 


,PGGky > 


help the program obtain. Pnewers to .quegtions. Let 18 ta ake a more. 


eetatlcr hook, at logical models. wom gis O38 fubgesasrfoint Bou winew dolsuw 


tl 


i] 
The, semantica’, of mathematical logic is the study-of models. for... 


logical, systems (6). Such a model conaiers of 9 get of dndividuale 


Telit: 


(corresponding to. the. domain of the Aogical. variables 3, 4nd ». for | each 


Sit i209 Bey elu t 


logical predicate ¢ 3 felation, a set of ordered n-tuples not individuale. 
S sifqaoo arcs goum ad of Bareameiate Ar - ot 


43 


A relation 4s true of certain tndividuall: if andibely ££, 4 the 95 
model, he ordered ‘ntuple of thése tadfyeduadts We by btetent vf ‘rhe ) > 
set cofrésponding ‘th phe Yelatiod. For diimple;'e todel for a ‘logtcal—« 
system deaPicig witht ete Tatural ordering of ‘tte “thtégers digiehuve a> 
its WideP the Wet of 1ntégers (ae the domehi OE “adivddual! Vartabreeys 
and ‘a wet 6f ovtieved patts vt tnrdyers cordiepunditie tO the ett ok 
(less-than) relat fot:!* Tits Latter set’ would ‘coieeth AE pairs Ya, by 
for Maitich integer’ a ts truly Lesw than integer tp Le. ‘for whlteb the =" 
stateméht deb te tee <9 5 B28 ise GG Badqetes to eyes Bote Sonn 5 
- Heese’ seniattic models are perCicierly useful in Yogic for 3 + >. 
studying certéetin properties; such aw conv¥stency and Coaptuvensve,® oF © 5 
the associated ‘fot! ‘systems. THYy ar© hot Wenerelly He useful’ ws aids 
in proving part®oule¥ theatems; Ur Study the possibte: Mmteractivie =! 
between var fous! relatiots. The SLR wbdut opal sation must’ be better! 
suited ‘te ‘these hatter ‘prob lem! Witch! Fe GE najot Bitetresd tn develo. 
oping a quéetion-ahewering uystemo2 j200 So co oe eva se To he gant 
The déea of Depre sent ting: # relattewe by & wet! of Grdered n-ttiples:” 
is a good starting pofnt: for #2 questfon-~ahelvering ‘sydtem model, © 9 5 Oe 
However, certaiti wbdiffeations are necessary § Bince we ate interested’: 
in conversational: ebhifity fh the’ comput edt} the Mretatdens™ in obr © 52 
model should represent concepts which commonly occur in human conversa- 
tion, such as set-inclusion and spatial relationships, rether than © 
abstract tathemetical’ propertiée. © Furttiermore): itilike! @ Yogical todel, 
the system Moulé have butit-in provistons for detelini ning restrictions, 


5 


extensions’ of ineonsistencic# in the model, baved be properties of the” 


relations. involved. | Evgéw if qo! dndicanes, seteinglusion, and, G6. sx 4 
aCb and bCc are -both in the medel,. the, syatem iahould ideduse that 6 gbam 
aCe: should. also bein .the medel (or, equivalently that. aGic daa... io: 
true. statement), fram the built-in knowledge that set rinclusson, 48 yo ye 
trangitive., Finally, for reasons. of, computatignal, effictancyy, 4 -aubr .:+ 
ject which. is newer. considered in, formal logic but,ie, of ipxime, impor- 5., « 
tance. ina practical computer system, information about melations ;~2 225) 
must,,be more easily accessible than tt: would be df ft consisted simply; 
of unordered sets of n-tuples of objects. These considerations sled..,;..;- 

to a choice of..the description-ligt, organization fer the, actual word 
assogiation.model used in SIR and, despribed. in Part Rbelowe:. yuivivcc 

Although some, ideas, were. borrowadrfrom logical gemantic,. a.4.: 
systems; SIR. 48, not; directly, dependent spon..angy. formal: logical .. og ni 
mechanism. .iInstgad,, the model. and, the programs, which ubdlize df, ou lod 
were degigned according, to, informal. heariathic principles of. reagon~ 3 52.5. 
ing, which I believe to be the most convenient ones fr a, firets = gnioc 

experimental, system for intelligent . conversation datween, machd nes: 

and human beings... Once a working system has bern; deyelopeds; one... + 
can try. to: extract from it a logical. basis fer: a mpreadwenced ) 2 0 
system. Such an extpasion is; the, subject,ef Chapter; VI. s5 0.) cexuenc: at 
awe So edih dn bacon) Ao cid BSye-dao JOseeidst Seok ayoee 

D. The SIR Model, . det Ca Pelee Bey abel oes ae Be. ud 

_jonTke, SIR ppdel congists of, worde: associated, with, each, other 0:22, 
through, particular, relations.: These; apagciations are.represented: by. .- 
"description-list!', entries. In, this section, I ehall. diecuse. the; 0 .05.. 


BSS. EM AR 


tee Se See Le RRR eT 


a5 


desctiptidn-tise? stricture, the: refatténd aséd® in SiR; aad /the predise’ 
represditatiéfis fo? those relations)! “slamuy vilustiide. sats ve 
a3 cvulatcg avocice giniaruortaitoesbh of esia: SBe us. anotiaseqe 
“O21 “Pegeriptigns1iste: The model ¥A°SIR) 1d! Based ‘argery upon’ © 
the use df deSdPiptiGh-ffdts! °K destviptfoh 2¥sé 11d %addqudne@ro# §« + 
pai?e oP G1enéhts sand ‘thé entite Fist °is Heede fated Wth'a pdeticdtar™* 
object. “Phe ‘first ‘efemetit of dach' pate ta’ the tame Uf dd attrtbdte*”' 
appPicahle ‘to dcfalls St ob yeces, “and HU "bécGHa éfdaene 16f the ‘pads?’ 
is the value of the attribute for the objdéP adder ibéds! P6r exampte; *§ 
ifthe bject feitWe mies "9", its desetiptidholi st wighl “édnt#in the 
folldwitig sequetice of ‘attributes ‘(utter Fired) “arid ‘aasot tated walued: 1+” 
“SUCCESSOR, 98) (ODD, “YES; "SaaREScoRVE SFP. Beh lvibe) ois esos 
The fade ended 9°34 Pecan odd “titer ‘Codid HAVE Deel itditated sitipty 2°: - 
by tlie Yiddeericé ‘of ‘tte “dténttice “Onn, © Wi Ot hy ‘eedodiated “dd tue°e-* 7: 
or ridVarlde at’ aft Sprdvided “the “syetan dettigcthe devote stion“tists ©“) *’ 
is capable of redognttidg’ sich a “fags "ise. j Valdétdss “deeribate sy °~ 


Peepeie Witte ot cs 


fie ctasé of “cater might be deserited by the '£Pse; 29) CO Pols boon 
SOUND, MEW, COLOR, (BLACK, WHITE, YELLOW, BROWN) ; “ESEGEDNESS) "4, 2). 
Note that, since the color of cats is not unique, the value associated 
with COLOR ig’ a Hist of possible ede “culate. ! te sSdaeka eure th pdten- 
theses ‘dndftatés Hat the entire 1£6t of corote Ps -a-s tigte “element |) 2°” 
of the deseripeidntise f° * Ala .Poanadasve deliged ak sosica 8 dsie 
Fah Pfusttate the way déscriptionstisds mdy “68 “used by “consider- 
ing theY? pfacd!in the I (23) progtamitig’sy std!’ “By convent ici) 
every Tt dita List hes ‘an agsociaved @eMtriptiontPeste.~ the acrPibaces! 
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on IPL dascriptign-hists arg, JPL, aysbels,..and the values,are symbols... 
which may name arbitrarily complex IPL.,list: strustuyes., Basic. IPL. .+.,~+ 
operations can add pairs to description-lists; others retrieve the 
second gloment of @.pair, (#.valye) onthe, deacriptipnrhist..gaver (the 
first element, (the attribute) end ;the.pame of the main.date ligt ..2. 0; 
An attribute can oply .gecur.once on, aay ,oge..deagription, ligt, ;and the: .., 
order of the attributes qn a.descriptianslist ig.dgmored,: Thug, 5 oi cc, 
descriptions ligt ,qperations simujate.an agag¢iative memory containing... 
arbitrary .deseriptiveinformation for the described ghjects, .jiey ont 2: 
i, The LISR syatem,€23) ubiliges ‘property Ligta" which are used in, ; 
much the same.ways as TPL .descriptien- liste, «In -LISe, the described ; ; ..5 
objects are individual words OF :,atomig saymbelg," eather then lists. 
LISP asaeciates with each unique atomic .aymbol.a propertyeligt whick 7 
is a deacriptionz}iat allowing the uea-of flags as well ag attributer, _. 
value paira,,. Althoygh opiginal ly provided te facilitate the internal, 
operations :af .the LISP :aystem, properky- Lint. may, ihe Aearched andes) ai 
modified by the programmer, The model jn SIR depends ygon the uge 


of propertychiats. cues. Coy Soy GNOADG) . ADO he euoe 


ifs BIBS Le situ Gd sovaa . teed adok 


« 4). Model grganization and development. The purngs¢e of GREG: sie 
model ,is,,to.asgiat the computer in underetanding and communicating .....;, 
with a person in English sentences. SIR works only with, simple... re 
-sengences which consist of .worde which denote real objects ar classes 
of objecta,and.wotds which expragg narticubas tahationghina between, ..; 


the ,objecta and clasges. If ane considers the objects and clasaps, |. ..., 
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as the individual elements in a formal syatém, -thén these "rélaetionewips ° 
between objects and Claadés até dnalogoua to tha Fd1defdns “df ‘toma fC" 
logié (désckibed*in C°above): “Uhderstandtiig the ‘méaning”® “6P°a ged"! 
tence is interpteted ae ‘thd’ process of recognizing the objects tite 
sentence aid of placidgtham in d *gpecified télation ’te'6aé aiéthGe:: 
The. propet relation’ tude ‘Le frequédtly decéemined “bythe verbs “and***? 
prepositions inthe dertence, andthe way in'WHteh €& pidcé the “objects: 
into thé relation is determined by the Bork ct“ tte setitente®’ rot’ '2>-?! 
example, thé ‘verb "Ys" ‘uddally detérdfiide a ddl Hetation. * He Féim® 7! 
Every X is a y" detdtmings that “clase ¥° 1a ‘a adbsed dt clade y°% ~°“ 
fn ‘the Computer representation the Badté ob jadtds ab Welt ab thd’ 
names of “telatiord, ate sip ty’ wordd.° he “fie Sided fiterpeératton bf" 
this. “gépreséntatién ‘fa ad follows: 94 upposé Word 3 tie “Waboctkted id “°°” 
the model with wordy by ‘means of ‘reta¥ioa'n:’Phéd thts "Heprévents °° 
a statement which "means" that the object or class denoted by x pe? 37t 
aseociatéd with ‘thé: ‘object or class ss By" a ‘még “Sf the ‘tela- 
tion named 'R. Saga CoP bay IOP este SF PUTEYCS BOL rEet ST& Tue 
“Phe procedure for developing thd form of tHe ‘moddf'dtia cKO? THE! 
associated storage and retrieval programs was approxtiately as ‘foftows: ’ 
A éinglé telation -2set inclusion -- Wad “ehddén Beddide "ti “ts ah” 
easy concept to recognize from English text and id“#1dd*(fabttivetyy © 
fipdftant “es “the rie atiting ‘6f sidple seacendes:* Ad titéendt*compdter 


-#elatjonal 


Licartsin: we 


representation caer then f found (which 


ipa 


information, seésed genérat énough to: sasdilt ‘any sottidé Elite: ‘Of Petad*® X« 
tions, and also had connectivity and accessibility properties which make 


it useful for question-answering. Programs were then developed for 


7 agit 
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recqgnizing sentences which deal with the. giyen relation by. their 

syntactic forms (gee Chapter IV); selecting relevant word tokens... 
from the seatences; and adding to, modifying, or searching the model. 
according ta the results of the recognition procegg., The gearch =, 


programe are degigned to. "know! the peculiar properties of RE sie 


relation being searched, ¢.g., transitivity or reflexivity, .There- | 


fore,9 special set of search programs had to be written for each. 
relation... Each time a. new concept or relation wag. added to the sygtem, , 
the abqve steps were repeated, That is,. the basic model structure sete 
was generalized, if necessary; new ayntacths recogaition.formg were... . 
intredyged, and existing ‘ones mod{fied 1 any ambiguities had been 

intyoduced; .an¢.search and response programe for the new relation... ..., 


were written. Search programs designed for relations already avail- . 


able in. the. system were modified when the old and new. relations... 
"interagted"* | | 

_, The relations included in SIR were chosen because they demon-  _ 
strate various aspects of the information normally conveyed in 
human conversation. They were introduced in the following order and 
for the reasons stated: 


Les Yous AGS ae - Aaa 


a) Set-inclusion, because it is one of the most basic relations . 
€ 


of which people are aware. 2, fad wre 


3P2,,.Partrwhale relationship, because, although it is significantly 


Senet ontennn reteset cect 2 e liugthy Danio! ngAy egoy intl pe pee ade 
"Interactions" between relations, and the structure of a modified 
system which {8 easiqr to expand, are discussed in Ghapter VIe... .. 


UC 
49 


Homoagni ; wete : eivftIslex ipiatag na souls 
different “fron, it interacte strongly with the set-inclusion relation 


eblon %& gorgeis Ga 3H been LH enor det awa oenl boradus 


and has several common | properties with it permitting the use of common 


thAld ve FB: 4290 fro i 3 A, Ay th paepisd aiuel mr; You Sle od 
subroutines. 


ae Pita 20 aad » O26 # of TA aGigaceas ‘ig ov 


=¢) Numeric acanelty. aesociated ‘with the patt-whole relation, 


(ait sisubivibsi moat egnicqsm +s SA bas [4 fo amkdg yan os 
since it is not a new relation but rather consists of apes al desctio- 


toh O53 3x bas (a5l8 i yfno bap dt 8 9 fe Ig douse 2996 
tive Canicmt ion which must be Caxsiet along with te Kefonal. information. 


tite. SJusore offs c1 GS ,nwostele: sebeulomi-gee At eb # Vi .olanmsxs 


4) * get ~membership, because it is closely related to set- 

fousve ar vd bans od vam OX uss LH .gorteiy: s9etedque ode th ‘ae 
fnelusion but requires attention t to , ‘properties of individual ob fects 
bosa 9's SA bos LX artimien efodmve o43 .leranesg al .Toedasue bos eaeeus 


as well, as classes. 


t 


Joes ato flavrdasqesy atail ytdusgerg of3 mG enagudiit*s en 
e) Left - -to-right spatial Telations, to see ow the chosen 


Pood es YB dordw oo unta: oss vlog Hons sorteies obitemmye os ab A Of 
aodel works for a different ‘ind of relation for which there is a 
eRe rey SOV oGSs (ax sa.igmt (x)A Ay aot ryyseesscn eh ea Domes 
different, more natural-appearing model. 
px byew vin ot La aotlai float 689 Susfdo su0 vino nas oro 2) 


~ £) Ownersh{p, since it is quite different from the existin 


tei ta onus ada vf: tao * to HM otudtrgse zo suiev sila nora 


part-whole relation, and yet ‘frequently is specified by the game verb 


ot 


Qos § moMT edeies amii Loe 8&8 ted3 yse 1 send eild ml. rrajcts 
("to have"). It is therefore a su sattable subject for an experiment in 


fear and to sfqmaxs; ra lo. wuitaas afy (lo ensom vd ta) aniwalto 
resolving onbiguiticn. 

Be Ju pda aig ime sierkh -enotisntet Lbbage ol oe: exif feogqva ds 
SO oak G2 Ui .tonteas tu “ddeci-vsdeode tee” 
ts ‘Model. structure: “The basic objects in the model are the 
-tHolfly atec syleveotidittia ont quda °.ateds edd to gdgay add of fan) 

words which denote real objects and. classes. If an English statement 
motjstos ssisvat ada Gos .ATAWY to dulieysieqotg 93 04 bebbs ai (MATS 


is THRSERREtee by the sentence-form recognition program as asserting 


ViueG si giibba yd bean: i bit ey 


Peotroguag oft ot C81... ua! 
that relation. Rg holds between ebjecte or classes named x and y, then 


this eae ciat is eee by hie attribute-value pairs on : 
“a NE os DOR x goed onia one « ns9wted ebfod Hit 
the ‘properey-1iste of both’ x and y. = attribute apacities ‘@ rela- 
Soot oe bonodee igs gudey sa i Ho fIBOS 3980s BUTS .S5eupSonit os 
tion, and the value of the attribute. indicates which other objects are 
vuavewoH  .geti tysqQovd qwavig Bono siuea Prise m9Vi2 


a PETE TEE 
related to ther ‘deacribed object by means of the specified relation. 


50 
Since in general eelet tons are not symmetric, relation R must be 
Yas ‘ SLES e bra raG! YE RUOTIS apes aadk si o0f ymox tT syeraiiih 
factored ante two selec tong: By and. R2 so that ed relation R holds 
Ty : wat arco era agiiveced LOM [Bus ga 26M Ofa 


between x and y (in este terms, if £ &s) € R); Pe one can say that 
udaluore 


y eeanee in deueas us tox and x stands in the inverse relation R2 
: itis boasisoses vyobinaup vsitemuv ft) 


ae Bey eee Lee 


to 2. Polen may. think of R1 and Bes as mappings from individuals into 


Ste: cheme T3r. sa tod mukasiez owed ge Jon sa lf «pare 


sets loves that & cs) € R if ha only: 7 yé R1(x) and eG 2 Cy) « For 


rots "{ ad ttaum dati: 


sepestes if R is the set- etuctieton ores Rl is the eubeee relation 


edn bey Yoeeaus af J: sausoed .ypisatedaam: 


. 


and = the superset relation. Rl and R2 may be named Py Fhe symbole 


ieehivice!? Yo sala Stote oF Holttineite eetkupoes jo! aes 
SUBSET and SUPERSET. In general, the symbols naming st ae Be are used 
2 ae Lp RGU Sb 


as abers puree on che property Piste of x and y» respectively. NOGE that 


Be Ma fed 3 3% 9B? FF Oe raed ad 
if Ris a symmetric elation chen only one aanpiie, which may itself be. 
eodw fob mogisicy fo bard toesotith 2 xed Dabs 
named R, is necessary; for yE R(X) gupt tes xE€R(y) and vice-versa. on 
tgbom aoivasccts-letegsn otom . ino dat. 
if one and ue Be one eopdect can be in relation Rl to any word Xx, 
PP ae VNU oe mmoitith gttup ef ar eomia Taidsawene? 
then the value: of Srtripate Rl of x can be aimely the nee ot tha 
Sayre v amcor es "G2 wig: tit “eb as pe 0 iT 38 ae viwe Su ag 
object. In this case I ey. that a be gie! “1 Link exists from x to y 
STMT 7 idgidpe § 34Gtstedd ei AY “20 eye 23%) 


following ie By means of) the attribute Rl. An example of the use 
SOLS fegidesp yiiviarey 


of type~l links is in spatial relations, where only one object can be 


nAsBee a eee “right” of another. ate the system learns that The his is 


ca tha chaad sdT  :osedauxts foo 
use to the right « a ene chair," ee the attribute-value pair - (RIGHT, 
tugs 66626810 bog edcatao f65% stonsh tlotiw ebsow 
LAMP) | is added to ‘the _property-List of CHAIR, and the inverse relation 
MOSS SGeEs oe PETE Moe aS m@tol-corogdes ait ae Da jarq veda! al 
is roeseeted by adding the pate lagi CHAIR) to ‘the, property-1 ter of 
mo. ot vafde saswisd abfod ren a ita 
LAMP. : 
; TORS eS aR ss Pag ye bodoues tok ab ariundah ys) 
, aad Zz, type- = inks 


If R neice peleect x sand x ane also between x 
“is OB a: -~ bas x diod™to e2eti-ydaeqotg st 


are elven erica eEnCe sere can, “only be one value corresponding to a 
ae hey £N jh adudiadis edd Jo sirfeav ada SOLS 


given attribute on, a given: (PEOperey onete However, this. Eels may be. 


donfdo iedbacegeb alt ot osoteio 


EE eR SS ME 
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ey 


namige r AZ 38 gad 
a ‘single eh iéct nine, In parti- 


CUSIBwe Eos 


a list of object- names a instead of ak 


cular, we can make the value of Rl a list of the objects related to x 
S4NO4.9IT Las Judit vad adaisvand 3 h3iw 9389 baummos 3. 
by relation R. For example, in the sete @inclusion relation we may {earn 
PSyuiss ag faa: gids Li ee 364 Bed iPr tes rmteve Aye ani tors poeese Sree! fea 
independent ly that. every boy. is a person, every girl is a perce and 


odd odaiv byent gyn uw .fobos laeeniusley © eas litu Te sonk i nthe 


every MIT-student is a person. The value of the attribute SUBSET on t 
is?L $B MOLT. aokdeasotn: Lenoldan! Lise’ (boy, he ste dove 


property-list of PERSON would then be the ist (BOY, GIRL, MET -STUDENT) 
; .Jys oxysupnisd 
This type of linkage is called a type-2 link. 
SLge. oS VS FUG TGS *= do vaadade. oh3 OL os grn ag tad 
Occasionally descriptive information pertinent to a particular 
$408 tLivdinkd sovuenira ot ceote ot moatisevotat Ienofisisy oscfhits Gos 
occurrence of a relation must be represented, in ase tt ton to the 
istusss gutmiotensis fu ssuideaq vise lingori ods . si) -2Givadsd 
basic fact that the relation exists. For example, "A person has two 
giote baylos od os eyed fiiw micd glisea og sank Sy Lute t 
hands" ‘implies not only that a hand is part of every person, but 


r 


“Sori 24 / WG ANS a ars poate Od gsariat ss? shageoge fasorace ¢ mph sd 


that in the case ° of hands” there are exactly two such parts. “This 


ea Yor asi bn eo dad Cece, By 04 ak OFS Tos de dasesras> vo seh 20 toe baad 


relation can be handled by using type-3 TIRES where the value of 


~feqeqg edna Yous SAY Sooved Dewtoos eros 
an attribute is a Bier of items, each of which ‘Ys: itself a property- 


weet bes ayer Apes Pigiva adivagab ijede T setasds afds al 


list. “the first item on f aich sub-property-lists ‘ts the nae PLIST, 


sfliow .4i canqgya cf “Ovid eogives oft bas os idoiq oF tegugeil 


which indicates that a property-list SOLLOMS : NAME is an attribute 


SUT IeO ome fa pio sivas. tetobra tir Pigde 


on each sub-property- -list vhose. eet ‘value is ‘the ne ineiaal obiece 


on the list. For example, after the system learns that "A person has 


BETES pou saree a 
two hands" and also "A finger is part of a person," the property-list 
NO vICh mod aad fosneeoy deo @eacy nevdtLi oft ass dee asit od 


of PERSON would contain the attribute-value pair: 
4 han (PLIS" Bsr iO 


DEL SRIMOGE. Tor qileal aid lias pant ef Re: C 
(SUBPART, ((PLIST, “NAME, HAND » NUMBER 2) (PLIST, NAME, ‘FINGER))). 


waive 604 to aiei sdi (aeau viove yifeurvere J$33pgmoes vo yoieseooty 
In the sneerest of generality and uniformity type-3 ‘Tinks are the pre- 


s30nt oS mM GOL Yi oovon BERbOGIgeo Es Yo asuatidescg ef teoad tensg 
dominant uechastaa for sericeuring the model. 

Vaid Susi eve sea bose weg t te seg lolol oe, ol demon ct oldsaenns 

Ue dae Madge det or ger goo gies ghitw mogdoummon mp Tl tsteerdl at 
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Chapter IV: Pl Teeetment of Restricted necure! —_ guage 


Boul tr bP : se S$ taut ds bastert saman-dostdo to ast! « 
i. Ss 
typed. wb le bat a b phe PP eghe RR be, Safoaiedh ieee pa ete eee BO cube i 
a a ye! EL sgt 2: SSNS BE) Be bet £0 RELY OFS SB MD ue YBLlO3 


STR must sider uae ae with People: therefore the ak and response 


t 


ls YL ¢ width 37 oe gee act 92 .uigmax: cod oh nobanfon ead 
languages of fie ‘SIR pyeten should both be reasonably close to Sr igeaee 
i ek [4fs vieve .aoetaq B ae yoo yiove tay ¢lacshoasgshy. 
English. binee STR utilizes a relational model, we are Ente’ with the 
LOR RCE ode 38 98> Go Gulay off .nosusa 6 ai Shute- TIM vysvea 
difficule -proplen, oF eetracting © pepat tons) information:: pe: natural 
AMEE Od sé neds bluow MOGATIG da dgekl-ytinqerg 
language: text. ‘ 
saia S-gavg 8 botied al syexail io eqy2 abdT 
I am peasy Toe ceed inithe ability of a rae eee to store 
THPUD! eutsssg Guideancsolart avbrqisoesb vilsantesso0 
and MetEEee relational information in order to produce iavelligenr 
eee Syre Wd. Ga camcke BE NP od DeLie fia FRIST B&B lo gonmoTis aS 
behavior. Although the Tenguistic. problem of transforming natural 
oy 4 2 L8g » aris: wot .agatue nmciaetleox ads tedid fost vtend 
language Tapue into a usable form will have to be solved before we 
to tung es besd £2 gsdt ving Jom asiicmi “aboaad 
obtain a epeneret semantic dn formset ton setae system, it 1? ade: 
Z8 PTR, Gua voovexs g48 gisd3 “"sbned" Io asso sf3 ul geds 
eaitar oF De representation and retrieval scab lena ane therefore is 
pte ait! : ca ind Er eee SAL aU vd belnae oe BO IG PIBio: 
considered <beyomt the _ Scope of Ne paper. 
ifusdi soiste A985 ,@meli do ger! B Bi otintiviun os 
In, this eneptes ‘ snail séctibe briefly the ackirol for the 
ievidisgoxgqedue fave no medi derii sit tad! 
Linguistic problem bags the devices vet SIR uses to bypass it, atte 
th fiat tabi-ysveogerq 8 3sdg soteorbrt fotny 
still Rie tantra understandable English-like input and output. 
boards afso '-uqys sacdw gail-ydusqaryd-cua dogs no 
26d uoets, £° Cady sutsed m.teve sdf vette .olemaxe rot .3esd ada av 
A. ee 
oe, Ets sare hoi dtes @) tegnta AY oele boa “sired ows 
In the past ten to peters eats much research has been done on 
ae oe Bv-OndEtTIIB end aistroo bluce WORBAS ic 
the Structure of netured Languages; ane tudes English, a automatic 
POHL (AMAR 2 (SC ESUMUM .QMAS .aMAM .T@IIG)) . PAATEUe) 
processing, by, SOmPUEEE oe virtually every case, the a of the ori- 
vqyyi vaiartotian bas valisuedsg to geatsagat asa nl 


ginal text is restricted or Pre: procenses in some way to make it more 
POR uid gftitwioutgea wot metoasioss ananimob 


amenable to automatic processing. Some of these studies were mentioned 


in Chapter II in connection with existing question-answering systems. 
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A recent. papét by Bobrow'(3) slirveys Variéde Eppeéachad aid cates 
logues existing compile prdgrais wktch hse Aaa fifiglish ®t: 
oN pEo idw bo teb ces Ueliog. ? Te dnumesad 6 yot veme ig <incootte 


st 


text. 
The obféet “of most of Ehese aysteds fs eb) daeHetty°éhe claWetcai ’> ">" 
grammati2al structitas ot thé gent ences Bor pie Sues St tingaistfe «8 
analysis, ‘mechaiicdl' ttanéial tod, "Ot “in€Stmdlfoti réedlévay, obaegs oT 
dictionafiés’ dt Bate a de"speedh ‘aiid “grdmbatidaicutdd die ‘geiiératty '* ; 
employed; ‘and’ iisual yt ‘ho é8Rb1d sr bt T6Ro4E given ‘to°the ‘idantigd’€in Jats 
any acceptable benbé of thé! Feb’ meanthgns 6 thé-woeds atid’ sittades *” 
involvedi 2°" find Tenor ’siet wubjec:3«9 is eausertqd sdt ifen Fo wbesingoges 
A aie adiatat at tHe Natidhdl Bateau“d? stanel oo" 
saghimienlials bGictiee 1aRgudge mRUA AE”? TOFS “HELE EHE obfeder tos 
is to determine Whelher a given EAgLish’ dat edele 4) M°CSPHdce debeBELEA 
about geombtrigat belarténdhipe ih’ a’ given’ pedtube;  ERGLEPIHE ERY OOS TO? 
"meaning" of the Beit éhee 44 chitical’® Ha! Sede edte'GGed! 1u°to% rtd??? 
late the English sentence idtd‘a” ogidal Sede amen’ invstvlhg’ geometric!” 
predicates, ahd thé to” téest the teach St thd Lage ear Brad emene By?! teste 
determining whether the ré1atisna® epecieted by the: pPeadcdeea Retae™! ~ oo 
for the given picture. Jab a: 2m evidovias 
In the SIR search and retrieval programs I am concerned with a 
problem similar to that of the picture language’ maehinke: Aamely,° 9 | 
translating: foit HARTYéR to’a Felad toned’ Stat edettt® “wha? Hien abteril” 
mining ‘RoW the rel ae(onal Statemdie artect st CHE moat? “Bwever jt" | feme 
the Sik iddefis a data’ stri@ture’ attomat teal 1y HOLE Lp’ of tHe bas’ 6° CO” 
input Pelatishal Stat anened, cathe than An Mabpehvenrse pebvided | | 
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"picture." In the NBS system, the process of tranglapine ATOM . iiwoed fs 
English ta the logical statement involyes.uging.a complete phrase- ...; 


structure grammar for a fragment. of English associated with picture 


descriptions... This seems like an extravagant approach, although it . 


Prone 


may turn.oyt to be the.gne kegt capable of generalization. | 4m the, .. 


ents TD 
present veraion of S}R.I..am, oat .SoORerned. WASY, FoRMRSUERADE, FEM - 


logical . statement of the relations. recognized | from, the English, s sen- 


Se eS: 


tence. Jnstead, the recognition programs directly Anyoke Che. appres ot uo 


priate. storage ar retrieval programs..to. deal with. the > relations... 


recognized. I call the process of extracting relational information, . . 


Aaa E 


from English text, "semantic parsing." Fhe NBG,work,degeribed above 


at 


points.tq.ong rather expensive: approach for, obkaining this celationel. ..., 
information. , Charney (9) has studied. the.relation between sentence, 5 2: 
form and word.meanings.. Reichenbach. (34), and Redes (18) $389..9485 5 duode 
cuss. the, semantic. parsing, problem, and. other approaches. wilh unr ei anom" 


doubt edly .be. developed. by. linguists, in the near. future. It seems 


23s! 
hat. purprising,fhat. the simple format: 
natching, approach, veed, in, STR pnd digcussed: tp, part..B below, is as, 


FeREse trem Be yah 


effective as it is. 


Seth GY uv 1 vi 
wm Giddy oy. 1 Gis P Awa eae have ttpsy oug dhasse APS oda ar 
B In ; ee . 
° aa Sentence. Recggnition Wes cas ebg aig So Jedd of crofimta ems dosg 


SIR, solves fhe semantic parsing. problem by rego gaizing only ne 
small number of,,sentence forms,. each. of which. corresponds in specific. 
ways to. particular relations. The, allowable, {nput. Janguage ig defined |. 
by a list. of -EBLES» ; each. of. which recognizes. ae operages upon. a partic 


roe 
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GOha fetesga ot 2) 2hukbgediave mopgtone) asadi toe vis du sufee aa 

cular form of English sentence. Each sentence presented to SIR is 
pliate 9) bas olustivess isisoteyveo af giivgadue odd ML@" pounve 
tested by each rule in the list. The first rule applicable to the . 
yd2 Fo deri @ rogogmes wsteye od ,seiwied3O .butdosisy 2. 3fig 

sentence determines the pecicn taken by the system and immediately 
Scat 63 $srl ase y eavop summon pags eased vsilidseciiaqs afd to eifues4 


invokes a program to sctfors ches action. If no rule is applicable, 
,sg3t “wobtos” sda .sluy oft to dxaq tus} 
the sentence is senor es oe that the system makes an BEproprtate 
rofgvond ep Jo ania » Gi W2fi ae@itos odd to atnmemels fexnit a, 
response (see Section C). A new rule may be added to the system, and 
adi yd orstiupey qoitarsqo of4 miobisd of iabom ada mo ton Lliw dordw 
thus the class of recognizable sentences may be enlarged, by executing 
noliese. asiuobtyeg © sedtedw dest Anil 6 gsee1u sennotaee dai lynd 
the LISP function "addrule[x]" where x is the rule to be added. Let 
JoRusTRe 4G Asi. Ge shisds gistieo To sonsdetxa sd xnordvore yo ehiol 
us consider the use of these rules in detail. 


‘q) : 


Sf3 ts 


pt 


eehio a. ES 2dy 0 wfobom oct cok viotteerroted nisttoe> 
Qittaicesy teri oi og beilqqs redw odolidw arciduoe? ote duai norijos 
The four compenents of a rul¢ are a format, a list of the vari- 
mOfsoe aise ods 35: aiaomste gousotq ,24aeaa vtiltdsoilqae od wert 
ables appearing in the format, a list of applicability tests, and an 
-TOigonut 
“action” list specifying ehe actions to be taken if the sentence satis- 
@t Od A)” .oametio2 oi le patetsq obinsmee oAt .ofqmexs x04 
fies all the tests. The format is simply a string of symbols which may 
3 uu s yd bewrotisy ed biuow "C4O2HN9 A 
be words. The list of variables contains those symbols which appear 
(i 0UAR AAD RYE) (THA Tada) C¥ 4) OY A @E KY) 


in the format hike aboutd) be treated as variables. All other symbols 


6L YON AVY 9 uae ae SE a. idmia bosbug ai "CY A @T AP" tsuiod oil 

in the format are sonee ance: The ‘tieat step in trying to apply a rule 
OG Tt 2a Be ete TO" tou "OI" etassanco odd sausood “(40ana9 4 

to a sentence is a "similarity test" pera the sentence and the for- 
eiadyja eds usiw hosugoeeevs af % ofdertyav sad etototedT .isbro sna 

mat of the rule to see whether the constants in the format all appear, 
Noise gertooud o Fo user ant es “THA wOO8aI A™ dtiw ‘Las trad AN 
in the same order, in the sentence. If ies don't, the rule is rejected. 
do Sasa: f audi .etiodwrts Gwi io eatyge & ef Jusmugis att tadsorlw sjeot 


If the sentence is similar to the format, the variables in the format 


Pdoet “THAT to euley of% .ua 4] .adotiia oaziniisbei as 2° sotidw 


are indentified with their corresponding substrings in the sentence. 


"HTK" 23 THA" 7a eciay ail qvetwradgO .gnista oda at Lodew.: broosa 
The applicability tests are then ereie one to each substring 
qot-baas ab "TIA Grotyss rool yaifsdastiqas smpe ada .oe52 efri al 
mercies by a variable. Each of these tests is the evaluation of a 
id Sseeo Agud or ; “AP yas YO Av ayoitdedue bedotae daod 


seeeltied function of one Rees the corresponding substring. If 
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the value of any-ee chose function evaluations is the areas LISP 
Be est fp Queues S988 lasnugdes detlaw? te stich weius 
symbol "NIL" che substring 4 is considered unsuitable and the entire 
Poth. Chien fevad GAY .gei!l silt mb sine forse va bogeed 
rule is Reueetee: Otherside, the system EOMDOREE a list of fa 
wt tyONE od ima eye cil’ vd Weer moiton ghd seghetseugo sumcdnog 


results of the eepl ice tatcy tests and coumint cates this list to the 


woddoulipae a2 Ghay ag FF cso btos afd oiotieg of asvetsag a aodoyal 
last part of the rule, ‘the Naction" list. 
rr fi Racha UP) add Gedy dggore  ,opdoish ef sus taue od 
The first element of the action list is the name of a function 
' pe peese aed ay a tiene, aren oduy wor & .€3 tiopiog2? son) taneqeat 
which will act on the model to » perform the operation required by the 
Oe as Fd ga me ae geal a oedsdiee gidusinuyocay to eacio andy aucs 
mae he sD sentence: create a diek test whether :a ieee anoie relation 
2 we DE us eg o4i x atedew "Exloivabbe” soidons? Tels ads 
holds by checking the existence of certain chains of Links, or ences 
q 


i Si aga g9fut saosus to sei ail So lewoo AL 


certain information from the. odei; The remaining. < elements — the Bie 1 4 
eS0rg yorioian Isurou C4 


action list are funet tans: ne when applied to the list resulting 


pees hee » , tke iu. 8 ste elut & to ainencames yell edi 
from the applicability beste. produce argument 5 ae the main action 
eb age oh, ysiiigectigos to gail 3 .temrot onto at gnisaoqqs avlds 
function: 
a BRIT. ee i Load os aheaison add umiyibacde Jeti “ae at 
For example, the semantic parsing of the sentence, "(A BOY IS 
coro baw e@foden- aMitas # viens at gearcot aff Jaseat add fis esrt 
A PERSON)" would be performed oy a rule such as 
SQQG8 tld @.ucmye u moo e¢idabiay to tebl out cvsbrow od 
(x TS AY) (X ¥) (ART ART) (Ga CAR CADR)) 
“fount wd LEA Dhue diov 26 bogesid o¢ vinute doftnw innrel ads at 
The eee "(xX IS A »" is indeed similar to the sentence "(A BOY IS 
cloy & viqye ou Oa Gets seyil etl vesdauienou vin tsureb oda nk 
A PERSON)" because ‘the constants "IS" and "A" appear in Been in the 
gut So3 ore sungdsoe sas misvasd “teas vtisclgoce' B ek 213983 8 Ga 
same order. Tperetere the variable X is associated with the ening 
JeBGGGS far FE MS oot sungstenmes sd cadgenw see o7 eluy snd tu tem 
a BOY" and x with "A saan "ART" is the name of a function which 
Pee DO ea ee epi bg 680% ag0ss OFF GP Jobe gman ond at 
beats: ‘whether its argument is a string of two symbols, the first of 
eof ff: kus igSevay udp .toertok sit oF talimte ab “saisgies aid AE 
which Oe an dancer inite: article. If so, the value of "ART" is che: 
eqiagiodge Tt hticdeetto. badd dtiw bucitiuvonl oye 
second symbol in ‘the string. Otherwise, the value of MART! is NTL." 
PS SiS oe Bk eg pice than syoris aan oS “diitdseifqas ad? 
In this case, the same applicability test stance ton aah ne is used for 
; $694 Geet ty pond ~atdet ks a ae ache 
both matched substrings: "A Boy" and "A PERSON." In both cases the 
a 5 ig tie ae Sh 2 TP MBs eto to nok iseut ing t Dibuoer 


RESTS SECT Be nena Sets 0 Se Sine peg et ES Sr pe pat rater 2 eee te Se Get pe oor abi eimai sarge eet eta 


Be 
57 
slivpidas or pkis2 bea 
results of the test are ROShELVes so. the values of “the two evaluations 


PB Si Deer kai g tout & 2: < +E Ug fdms Jaerires 


of WART" are. "BOY" and PERSON," respectively. The system then composes 


royO mg beeaw ei (sion ots) dsmaol olgate « nedw arusoo iu 
the ‘List of these values "(BOYS PERSON)", and orocesds to the tactical 
pln eiguyot Leascva dousd3 cove ,trotte gorassoorg bys gosgqe ove 
list. Here "SETR" ae the SIR function which creates links indicating 
wed o.mfebtos beveupoy ent catmioisb vileupiag o2 ytBeesoom od 
the existence ok a eat: -inclusion relation between its two arguments. 
o $5, if aadt aond.ssye “moeisg e ef vod yieva” sons ine 
"CAR" aed mGaDR" are ” funot tons which obtain the arguments for "SETR" 
zo b Roce “soeteg Bai ARE acE? ghidw “ aoateq" tee eAt ai bobsi ord 
by extracting the first and ‘second elements, respectively, from the 
trgoain mh cet. a2 ede 90 304 to dromsis asivaitisq_ smoee tele 


ci ‘List "(BOYy-PERSON)."" After this final function "setr [BOY: 


wanvet visupiau ad biues gsomer7mse To saqva ows sesAT -“ nme yg” 
PERSON]"' is executed, the model vale contain the Felationd information 


ve cy Vt 


eva tank “ae #5 ova a & alx vigvd" .etsmyci ona ua poosid 
which the rule é epacted pee ne sentence, "(A BOY IS A PERSON).' 

1903 sluy elt ad ios" .mrot edj to gamtcot signiae « easy Hre 
The recognition scheme does not “distinguish between declarative sen- 


yYadoates Soieae sso ad sugges gouitone: ‘nobjos" odi .3serrol aida ankoiss 
tences and quest ions; they each have their own formats and corres- 


aft %S fexll ods ci sntinsgestieo dat! sotsulani-iea s usitie sotsets 
ponding action fuctions. Of course, the effects of the action functions 


ogg oy eulbuoqee treo ,-ins: gidesedmomdes 8 10 ,amolisijsigysini. ovods 
for questions are usually quite defferent from the effects of declara- 


"ytieagto" ONG ai tesa ysailivasilqge odd ,bsetenI .acliisteigisiel anozee 
tive-sentence functions. All action functions, as well as applicability 


aft (Oo Gfgoarbai nb Aeitionut moidos adi oF etimednati dotdw moitornut 
tests, are programs which must be provided to the system: along with. 


26 ffow oi es 6hdShiay vd Oy Jo dom anig32 odd oat sivisgie edd Lo srutee 
each new rule. ~ 
Myo doa ui qoiaos sdT anitde sat si sven ode 
Fig. ee | Hsting cf "all the rules included in the present ver- 
perdip bau (vad ates fumvot add esvioesat daoidw seisjonut io aqy3i 
sion ie SIR. “the. ‘spabol a is to be read as a question-mark. The 
MGF3I9G svetsye x sit goidevei qeda bes “vi beaaio" yd bo tiqque cot il 


significance of the we taeel fy" function. is explained in paragraph 2 
290i tuetdua & 26 


below. 
foids oc. 2. thug ddan ultoieos to dadd ef e289 anideatesal tan & 
ii7 STEM 2G oot of su al motios betiesb ai yatugidis ond 
“oy tice: : The above translation from English sentence to 
heal beds beowucr Bleu va usv_Loast ad Jones Ydiugidme os doud .bayvlowint 
action function can wrk only if a deaired action is uniquely deter- 
ceva ed's ove AGG na bodaemslqmi siaqnszs ofT _.ectemiel 
mined by each iocaat.. “this is not really the case with many of the 


formats used for one of two reasons, which I call format ambiguity 


pied oe oe 


58 


and semantic ambi uit : 
BPR APL GSS Wt Ta Guan? Bb? ot ,ovEtiom ath deeb ols £7 Fang 
EORmAE eabieetty 3 as a programming device rather than a true Site Je 
o> eee i3 syvFijosyest ".AGeH IS! bre CYNE ots s ny 
uity. Tt occurs when a single format (and rule) is vee’ in order to © 
We bas i 8 oad bas .O9ORRES .YOG)" asulsy aaed? to te.i 343 
save epee aed uprecesei ne: BEFORE: even oars several formats would 
: fahi enfita 3 yk woucsi porns? seit eg USTSAM satel : 
be nee ce enty to cuntagely abtetaine the required action. E.ges the 
a eae Lorgewied gobdale: soksuiook-uge © 10 9OMe tires UNG 
sentence “Every ey. is a person" specifies that the set Rae ie i. M 
CG yob @tdweeas vt: abidde cobdw anobionuld of¢ OM ing 
included in the set ‘ipergoni'! while "The boy is a person" specifies 
nt Ck a JPoogeos asgomote fagosege fee ders oda gers iu a 
that some ‘particular element of the set "boy" is also an element of the 
Mi goes Toldumied trenati afsig wosid CAQBRIT ,YORD ferlo cute. 
set "person." These two types of sentences could be uatavely reco 
Ob veegoio; Gra. gotut od @ttasos ifiw fobom ont gboetueosa ef pee ro 
nized by, ne. formats, oy x is a y" and eae x is ay." Instead, 
pay 4 cL Ye i 


cana sofeinge adi? mort Setasirge) slew ond rho F rlw 


SIR uses a m Single format of the form, ' 'z is a yi." In the rule cons: * 
ore ea: ook avcwind datusadisid don seob sueroa agidicue: 


taining this format , the ' action" function cannot be one which directly 
aie : #3nore) qwo afsdi aver doses ved janotdesin oss «oons 


3&3 


creates either a set- -inclusion link, corresponding to the first of the 
pyiiiedu? gale vs edd ae Syoodte sd ,ge4yoo TO ,enmotstout oeoieun goa bras 


above interpretations, or a set ~member ship link, corresponding to the 
“fo iusb Ge -desi>e sia movi inevatieh sdiun vileves sip gacste: tal 


Second Tue erprerertony Tastes the applicability test is the "classify" 


Wigan of Se ,edobstegul motdos LfA VJarobtoract vanotrs2-ave 


Pandbion which transmits to the action function an indicatdar of the 


Goolwa Fs matey ada oF be obwan oad Jaun doicw amnagger¢ oc jadses 


a 


nature of the article in the string matched by variable z, as well ae 
W278 88 Noe 


the noun in ‘the. String. The actten function then used is a ppelece” 
Sy GTR fopieom: solun ada tie te enbseii s ar ¢ i 


type of function which resolves the format inbiguity by examining ‘the 


sot Ga Pes Sip ois fk PHO’ “dd ot oF Qociave ool iS ft) GOL 


indicator supplied by ’ ‘classify" and then invoking the correct action 


AGSke sabe LF myafqoo eb gobtoug? “witaesfa' edo fo auqnal ibe: 


as a subroutine. 


SeOal 


A more interesting case is that of semantic ambiguity, in which 


ne ambiguity in desired action is due to the meanings of the words 


ime ileifgad mort nubisiensais avedse odT igotaiounidiak (Sf 
involved, Such an ambiguity cannot be pesotvcs by using more-detailed 
mae) vfepyvinu ab saiton botieeb s Il wine arow mss nelionul soisar 
formats. The example imp hesented in SIR civerye. the verb "to have," 
vis Yo grt nig OO vifsot tor gE e217 ,tsepad foes wd "sittin 
Jagat Pett bine 2 AW .enoeBod myo RO one sol Deed es Mate: 


i 
( 


{ 


( 


{ 


‘ 


(X 1S w) (X ow) CCLASSIFY CLASSIFY) (SETR-SELECT CAR CADR)) 
(Is X @) (xX) (DECOMPOSE} (SETRW-SELECT CAAR CDAR}) 

{X OWNS Y) (X Y) (CLASSIFY CLASSIFY) (OWN=SELECT CADR CAR)) 
(D0ES X CWwN Y QO) CX Y) {CLASSIFY CLASSIFY) (OWN=-SELECT CADR CAR}} 


(HOw MANY Y DOES X OWN 9) 


CY XI CSING CLASSIFY) 


(OWN-SFELECT CAR CADR)) 


(X 1S Y PART OF 2) (xX ¥ 2) 


(PARTR=SELECT CAR CADOR)) 


(CLASSTFY A= CLASSIFY) 


(X HAS AS A PART ONE Y} (KX Y} (CLASSIFY IDEN=1) 
{PARTRN-SELECT CAR CADR)?} 
(THERE ARE Y ON X) (Y A) (NUM=Y CLASSIFY) {PARTRN-SELECT CADR CaR)) 
(THERE Is ONE Y GON X) (Y xX) {IDEN CLASSIFY) 
(PARTRN=SELECT CADR CAR)) 
(1S X PART OF Y Q) (xX Y) C[LLAMBDA (J) (CLASSIFY (ALAST 3))} 
CLASSIFY) (PARTRO~SELECT CAR CADRI) 
(HOw MANY Y ARE TH ON K @) (Y TH A) (SING THERE= CLASSIFY} 
(PARTRNQ~SELECT CAR CADDR)?) 
(HOw MANY Y ARE PARTS OF X Q) (¥ X} (SING CLASSIFY) 
{PARTRNG=SELECT CAR CADRI}- 
(x HAS Y) (X Y) (CLASSIFY CLASSIFY) (HAS=RESOLVE CADR CAR)) 
{X HAS w) (X wi (CLASSIFY NUM=-Y) (HASN=RESOLVE CADR CARI) 
(HOW MANY X DOES Y HAVE Q) ¢X Y) (SING CLASSIFY) 
CHAVE=RESOLVE CAR CADR))) 
(X TS GuST TO THE RIGHT OF Y) (X Y) (CLASSIFY CLASSIFY) 
(JRIGHT=SELECT CAR CADR)) 
(X [TS JeST TO THE LEFT OF Y) (XK Y) (CLASSIFY CLASSIFY} 
(JRIGHT-SELECT CADR CAR) ) 
(X 1S TO THE RIGHT OF Y} (kK ¥) . (CLASSIFY CLASSIFY) 
(RIGHT~SELECT CAR CADR) 1 
(X IS TC THE LEFT OF Y) (xX YY) {CLASSIFY CLASSIFY) 
CRIGHT-SFLECT CADR CAR) ) 
(15 X JvST JO THE RIGHT OF Y G) (x oY) (CLASSIFY CLASSIFY) 
CJRIGHTS-SELECT CAR CADR) } 
(ls X yuST TO THE LEFT OF Y QQ) (x oY) (CLASSIFY CLASSIFY) 
CJREGHTOC=SELECT CAD CAR) ) 
{f> X TO THE RIGHT OF Y G) (x Y) (CLASSIFY CLASSIFY} 
(RUGHTQ-SELECT CAR CADR) ) 
(Is X TO THE LEFT OF Y Q) (X Y) (CLASSIFY CLASSIFY) 
(RIGHTG-SELECT CADR CAR) ) 
(WHERE TS X G) (KX) (CLASSIFY) (WHERE-SELECT CAR)) 
iwHAT 1S THE X OF Y Q) (xX ¥) (LOC CLASSIFY) (LOC=SELECT CaDR)) 


FIGURE 3: SENTENCE RECOGNITION RULES 
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which may mean either "to have attached as parts" or "to own," 


C8, 
"John has ten fingers" vs. "John has three marbles." In a case of 
semantic ambiguity the "action" function is a "resolve" type function 
which once again has the task of Peeotelan the ambignhity and selecting 
the appropriate subroutine, rather than performing any action on the 


model directly. However, the Sabi RPA EY Ganner “b¢: respiyed on the 


J2E-HHCI CT UAZAI>  VATs Beso) iy ae 


basis of any inéorust tes aevajiablsvin the: origoyal ‘sentence. Instead, 


{18GCAD RAD TIPISCHARTFAA 
ear & 


the ambiguity resolution depends. “apen Maré: -esMeR LAR TONS in the model 


pad 438 T3332 anh 
which were ECAP CASOR CRE PAEeR age ‘ercidpids, nbobtigvoue sentences. 


eset ceed tn at ys 10 7 YO nt JRA wae wed 
{RAGAD BAD PHY LPErGARI KA 


Section UB of this paper’ contains ‘onig, ‘examp lee aad. “@iscussion of the 


tf ad 


processes used, and ‘further dbseiveton.ce pabigsiyeen be found in 


section VIL.D. boced eh tyeaart ow 


C. Output: Formation. end Importance of Heaponnea: 


WRigd a; 


BAY i340 dee 


As with the input anguagey “PIR avoids the? yrbblins of -natural 


Bee bee vaize BID) 
yi CéASD ES 4 xt (aor 3 


language processing in its Oa The ee ae involves 
a set of built-in response: formats. Although some generative grammar 
would probably be needed in a larger system, these response formats 
are adequate to demonstrate the use of the model and the ability of 
the present system to produce intelligible conversation. 

Some of the responses are complete prepared statements, such as 
are frequiently used as diagnostic comments in modern programming 
systems; e.g.; he RET MOAB 9 AL © FPO ocognized by 
the present system,'' which is printed if no rule is found to be appli- 


cable to the input sentence. Other responses must be completed by the 
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programs which use them before being seiueed? eral Whe form, ,"I don't 
know whether: is part of *k," which-is printed, efter the **k's are 
appropriately sepladeds in responsé to certain questions about part- 
whole relations. 

One principle used in programming this system was that SIR should 
always make easily understandable reports.of its actions. In parti- 
cular, it should never fail to act ona new input sentence without 
presenting a reasonable explanation for its failure. . Implementing 
this principle turned out to be easier than enacted.” tor there always 
seemed to be only a small number of possible reasons for the failure 


of any one search procedure, and thus it’ was only necessary to provide 


a few response fovaits ceck cliianstie nee: shen! ‘tese responses, 
in turn, not only improved the conversational abiikéy and thus the 
apparent a a of the system, but also. greatly aided in 8ebug- 
ging. .SIR, tn “effect,  teaqueatiy tere ke 3 what: it was “doing wrong. 

The conversation shown in Fig. 1 was produced by operat ing in an 
abbreviated-response :mode in which SIR only prints directly rele- 
vant responses. The program can also ciara in a mode in. ‘which SIR 
provides a running commentary of its activities, saenttfying funct ions 
used and commenting on every link segabed, Althowgh less. readable, 
this aaa tare isin was a as enbne cant program debugging aid. Fig. 4 


shows the out put for the gisiese of” ‘Fig. ‘L4a: che: ielecraste full- 


response mode. Lo ARERR OO kan aha 


(THE NEXT SENTENCE 
(EVERY BOY IS A PE 


(THE FUNCTION USED IS. .} 


SETR-SELECT 


tS 2 0) 
RSON} 


UIGENERIC . BOY) (GENERIC . PERSGNI) 


= 
SETR 
(807 PERSUN) 

Es C1TS REPLY . 
| LE OMOERSEBAD ime 
(I UNDERSTAND THE 


prraaf 


(THE FUNCTION USEO IS . .) 


PARTA-SELECT 


Pvt WERT Schebencel as 6s [dp 05 33 
(A FINGER ITS PART UF A HAND) 


REPLY . .! F 
FF ONC TOM USED Whew eas 


:At LONI BER Wme! an Si 
RELATION BETHEEN BOY AND 


(IGENERIC . FINGER) (GENERIC . MANU)? 


(THE REPLY . 2} 


saan; 
(FINGER HAND) 


(ITS REPLY 2 at 


Be 


ep. CHE. SU FUNCTION USED 1S . a 


(1 UNOSRGIAND KE Guseantsor-cach 


i sore 
RSON} 


ty 
if 


FISe 


ttn Sel dkewelicen: and aiey < | 


(1 UNDERSTAND THE SUPERPART-OF-EACH RELATION BETWEEN HAND AND FINGER) 


2 ORME Mima SUN BENE. 3966 Ly SEE 
\ {EACH PERSON HAS TwU WANDS) 


i 
 LTHE FUNCTION USED | 
2S MASWMARSOL VE. S75. 


eee) 


Si rod 


142 2 HANO} iene . PERSON)? 


{THE REPLY «. .) 


LINE ABDVE SENTENCE 15 ANB IGU 


(UME NEXT SENTENCE 


[THERE ARE Two nanos UN EACH 


apr FUNCTION Heit 
PARTAN-SELECT 

_ UUGENERIC » Penson 
23 ¢ fe BePOVIS 


IS . «} 


$7. FNS 


NE (2 6 MANDDD 


ieee ae 


Ge 


«4 


} ., 8 PLEASE. WY RE-PHAASE in 


tol oan ars 


Buds 


Me 
ay 


C1 UNDERSTAND THE * SUPERP ART-OF-EACH RELATION eet MceN PERSON “AnD “andi 
UL REALIZE THE MURBER RELATION BETNEEN 2 AND (PLEST MANE PERSON) ) 


UL UNDERSE 


PGE 7 eae 


(THe NEXT S! 
cu SHOW aay 


(IKE FUNCTION USED 


ayes erase Save Lt 


{THE ety ee) 


{THE ASOVE SENTENCE IS anBIGUOUS 
(J UbNet Kuen ener INARA 1S 1s 


ear a a 


(THE NEXT SENTENCE 
(JOHN IS 8 
Cbd gn 
UTHE ee 6 USED 
SETR-SELECT 


IS sae) 


Is . .) 


iS. 2) 


fab tases 


iS. «) 


Saray 


reat, Pe 


os 


> TRS « Pt}. oie cate *; eovi). Tr 4] 


CTHE SUB~FUNCTION useo’ iS. 


SETRS 
; {JOHN BO) 
fra OES Rep ie ye 


iid 


B38 


pop 
PG 


vy dnsupenl 


Hk 2 MS%SU 


(1 UNDERSTANO THE ELEMENTS RELATION BETHEEN JOHN ‘amo soy) 
CT UNDERSTANO THE MEMBER RELATION BETWEEN BOY AND Jt) 


ae: ? art 
paca aera 


(THE NEXT SENTENCE 


ee) 


(HOW MANY FINGERS DOES JOHN HAVE Q) 


aia. at kT) 
HAVE-RE SOLVE 
(eh InGea tutaue . 


tthe weet . ie 


‘igaAy 
sony) 


HE a 


Fitea sD 


23 


NGS! 


OS a te BEE 


$i Gblis Joi igaen #2 TD 


So eayaes 


sear ghos + ees 
2 OW pei eat vit 

Lf: Pag} EJOrG 
Loe ais 1 .iouw 
CPA RSD ETE 


gay 


Jf TS 


ae 


Wee 


(THE ABOVE SENTENCE IS AMBIGUOUS e© GUT I ASSUME {HAS} MEANS (HAS AS PAARTS)} 


CL KNOW 
2 Neer epege la 


(Tht NEXT SENTENCE 
(EVERY MANO HAS 5 


(THE FUNCTION USED 
HASN-RESOL VE 


SUPERPART-OF-EACH RELATION SETWEEN WAN! 


eampo ac rt to 


tS . o) 
FINGERS) 


tS. «} 


(05 . FINGER) {GENERIC . HAND)) 


(THE REPLY . ol 


— ONO. 
BIUNOLAGS 


aND_ FINGER! 
eds 


{THE ABOVE SENTENCE IS AMBIGUUUS © BUT I ASSUME (HAS) MEANS (HAS AS PARTS)?} 


FIGURE 4: SAMPLE CONVERSATION IN FULL-RESPONSE MODE 


KNOW THE SUPERPART-OF-EACH RELATION BETWEEN HAND Ayu FINGER) 
REALIZE THE NUMBER RELATION BKETWEEN 5S AND {PLIST NAME HAND)) 
KNOW THE SUBPART-OF-EACH RELATION BETWEEN FINGER AND HAND} 
REALIZE THE NUMBER RELATION BETWEEN 5 AND (PLIST NAME FINGER?) 


ee 


(THE NEXT SENTENCE IS . 2) 
(HOW MANY FINGERS DOES JOHN HAVE w) 


{THE FUNCTION USED IS « «} 

HAVE-RKESOLVE 

CFINGER CUNTQUE . JOHN)) 

{THE REPLY «. 2) 

(THE ABOVE SENTENCE 15 AMBIGUOUS ## BUT I ASSUME {HAS} MEANS CHAS AS PARTS)) 
{1 KNOW THE SUPERPART-OF-EACH RELATION BETWEEN HAND AND FINGER} 

(LT KNOW THE SUPERPART-OF-EACH RELATION BETWEEN PERSON AND HAND) 

(ThE ANSWER IS 10) 


{THE NEXT SENTENCE IS . 2) 
{HOW MANY AUTOMOBILES DOES JOHN HAVE Q) 


{THE FUNCTION USED IS . .? 

HAVE-RESOLVE 

(AUTOMOBILE {UNIQUE ~ JOHN) 

(THE REPLY . 2) 

(Tre ABOVE SENTENCE IS AMBIGUOUS #* PLEASE RE-PHRASE IT) 


(Tre NEXT SENTENCE IS © 2) 
(wHO TS PRESIDENT OF THE UNITED STATES Q) 


(STATEMENT FOKM NOT RECOGNIZED) 


(THe NEXT SENTENCE IS . 2} 
(THe BOY 1S JUST TO THE LEFT UF THE TABLE} 


(THE FUNCTION USED IS . 2} 

JRIGHT~SELECT 

{{SPECIFIC . TABLE) (SPECIFIC . BOY)?) 

(THE REPLY « 2) 

(THE SUB-FUNCTIUN USED IS. «) 

JRIGHT 

(TABLE BOY) 

(ITS REPLY « «) 

(602840 IS A TABLE) 

{ UNDERSTAND THE ELEMENTS RELATION BETWEEN GO2840 ANU TAHLE) 
[ UNDERSTAND THE MEMBER RELATION BETWEEN TABLE AND GO2840) 
1 REALIZE THE JRIGHT RELATION BETWEEN TABLE AND BOY) 

I REALIZE THE JLEFT RELATION BETWEEN BDY AND TABLE) 


((HE NEXT SENTENCE IS 2) 
{THE LAMP IS JUST TO THE LEFT OF THE TABLE) 


(THE FUNCTION USED IS « «} 

JRIGHT-SELECT 

((SPECIFIC . TABLE) {SPECIFIC . LAMP)) 

{THE REPLY . 2) 

(THe SUB-FUNCTION USED IS . eo) 

JRIGHT 

(TABLE LAMP) 

{LTS REPLY « «3 

{G02841 IS A LAMP) 

(1 UNDERSTAND THE ELEMENTS RELATION BETWEEN GO2841 AND LAMP) 
(1 UNDERSTAND THE MEMBER RELATION BETWEEN LAMP AND GO2841) 
(1Ht ABOVE STATEMENT 1S IMPOSSIBLE) 


(THe WEXT SENTENCE IS 2 .) 
(THE FABLE IS TO THE RIGHT OF THE CHAIR) 


(THE FUNCTION USED IS « «) 

RIGHT-SELECT 

CUSPECEFIC . TABLE) (SPECIFIC . CHAIR)) 

{THE REPLY . 2) 

(THE SUB-FUNCTION USED IS . .) 

RIGHT 

{TABLt CHAIR} 

{ITS REPLY « «) 

(602842 ES A CHAIR) 

(L UNDERSTAND THE ELEMENTS RELATION BETWEEN GO2842 AND CHAIR} 
(L UNDERSTAND THE MEMBER RELATION BETWEEN CHAIR AND G02842) 
(1 UNDERSTAND THE RIGHT RELATION BETWEEN TABLE AND CHAIR?) 
{TP UNDERSTANO THE LEFT RELATION BETWEEN CHAIR AND TABLE) 


(THE NEXT SENTENCE IS « o) 
(wHAT IS THE RELATIVE PUSITION OF A PERSON Q} 


(THE FUNCTION USED IS « 2) 

LOC-SELECT 

C{GENERIC .« PERSON)) 

(THE REPLY « «) 

{THE SUB-FUNCTION USED 1S . .} 

LOCATEG 

(PERSON) 

(ETS REPLY « a) 

(THE LEFT-TG-RIGHT OROER IS AS FOLLOWS! 
(CHAIR (BOY TABLE)} 


FIGURE 4 (Cont.) 


In this chapter I ‘shalt’ examphes, pepsin s Eqenraat tons with 


Lapa Oeas wo wee Rist eg Wir Taide - RE -aG Bes Ae 


SIR and explain the mechanisms which enable SIR to ‘carry on its end of 
e BRE ie 
hig ahs BED os Eyaleass ey 


a conversation. These examples can frequent ly best. be presented with 


the aid of logical notation, so, formal, symbole. will, he viet when 


necessary. Explanations of the standard, ee weesiene are given in 


Appendix I. 


a Ras 


Some knowledge of the LISP (21). eeoyraeming. ‘anavase, might be of 
aid in understanding the following pages. However ee, whut be 


sufficient for the reader to know the cr pene a indicarea, ‘that the 


te pee 
Set the a] stk 


eneeion-nemed itisn' Pete bee ‘applica é te the: ‘symb: ors - or. ‘pymbolic 


ois 


expressions named "a" and "b" as arguments. _ Thie function of these 


eget ada 


meregsion, 


we wooPE 


although the evaluation process may have side aiteces: suche a6 s changing 


arguments will have a value which is itself a syabolte ; 


the model structure or rdot is ene te eae: ‘OTe ‘convent ntiional pro- 
P “Be Girt o Phy FS oe St Oust 2 ng" oyty 
f Sugme-€t eres 


gramming terms, one may think of "fcn" as naming a. subroutine, and 


iemegQocer ta teste Sa 


"fcn[a;b]" representing the execution of he subroweine with “a" and 


"b'' as input data. The creation of a ‘single syubolHs-anproes ton 


Sear 


called the value is the principal doa cl of the executio 


— Carre an 


EEO Ee a rag from 


value of a function, which ie 


a computation, should not be confused: with ec odNSSh este 


Bb RS Baa Spe 
ws 


which is the entry following the attribute « on a a puoperty-ti ot. 


A. Relations and Functions. 


Each part of Fig. 5 is a conver sateen between a person and SIR, 


ress, Se Ht iE 3 


py 


presented in the abbreviated-1 ~response mode described at the end of 
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Section IV.C. Each example iLlystrates the,,wee-of-a different group of 
relations and their associated LISP funcedows “tn the STR By scems With 
minor exceptions the examples ane cumulative, d-Ses. later anes freely 
use functions introduced earliey but hot t conversely. “These conversa-~ 
tions are Preeenter. again as Appendix U1 it the Guts -response mode 
which identifies cue: functions uped. In Fig. 55. ‘the "symbol, Nek 
prefixes the input sentences; att other remarks are’ SIR rebponses. 

The remainder of this. asitioh PIeRenes..Agacraphions of.all the sig- 
nificant functions mentioned th Appendix IIl in the order in which 
they are needed for the cearencul laces The Seemed are presented in 

SHAH gRM aM : 


groups which correspond to the ‘des parts of Fig. 5, and which are 


bute-links manipulated by ‘the functions 


sXe ta 


identified by the prtnctpal “ater 


Per tae) 


EL WATTS Go 


in the group. pa™ "denne : 


or osacnnon nn eesti 


Each function description’ “coysists of three. parts: a purpose, a 
i 


method, and a procegure,, The. puspose Lee Cet alert OF the effect 


eS00. 


the function is designed to have. The method is an intuitive descrip- 
Hi tAGEMSD Tet Re AES Fa 


tion of how the purpose should Pe achieved, and ts s aguunlgcoeceshiea 

in a mixture of ‘English and logicpl notation for maximum clarity. 

Finally, the procedure is a descrption of how une cmeened is*‘imple- 
AIK. 

mented, and may be considered a rbugh flow-chart of, the actual program, 

Notice that the relational structpre of the model is the key internal 

feature of SIR which enables the Pre eo to aCe the methods 


Ags ABA AY Mo) 
in a direct and efficient manner. These methods, in turn, determine the 


degree of SIR's ability to store facts and answer questions. Chapter VI 


will discuss how SIR's model, methods, and procedures could be general- 


ized to produce a more powerful semantic information retrieval system.. 


ae 
ae : it ee: be/T ust douse 
2 cnet 134 a SSE MNGLBSION | 2 
¢ a eee i ye ya 8 
Meee, 5 AVERY ESYPYNGH-OPERAIOR BSA SIU TH oo as ar 
ty a Fe ae . 2 
{1 UNDERSTAND) 
B ev highs oe anne ay 


bl pda. Oda Gata 8 ae exanbck OF A beRSOND 


UL UNDERSTAND) see 
otats eee WE de bese Sree 


(eee, IS A KEYPUNCH-OPERATOR A PERSON @) 
wp oP cote Dhar. a ok Lal YEon 


(eee, 1S A PERSON A PEARSON Q) 


yesh ya SEPP ye ae, Bak -o3 


{602060 IS A MAN) 


oft MUBRASEANBR tee Ge Ee 


{eee, sack 15 + ae 


405d aiastadi? FO 


CM dt | 
SOMETIMES 


n way 2 bs TR ike PP ge ale ge i OLS 
ode ORS teal 28K nokmey a heVeunch-OeemaTOR OF 
HIMSUE EEC IENT INFORMAT Lune) 


peoaggiee fig NEM wig ok iif xibereqqd AM bsndM Sati oe: i RE 
=~ 9 11 UNDERSTAND) 
io dit. pepe Te « ‘ rabid 3 
b. SET MEMBERSHIP 
ce ots Pad ie a2d2ed ’ 
See CS . Max 15: th tam-t086) 
CL UNDERSTAND) Pare? hele : 
ce nek ae wee ce Leet 4 
Ay ee Peery Gab A eal st ae ee =e saad 
(eee, AN 184-7094 IS A COMPUTER) (eee, JOM 1S THE NAN} s ; 
Para, Ceaiael hae Le 
{1 UNDERSTAND) ah? 


(i UMNBEASTAND) 


lease, iS MAK A COMPUTER a 
4) fe BS yee a Be nee 
43 ~ 


pe 4 


Footer, ¢ 5 15) Ws Bayip OME 


“ves 


pees 


i ai em begyec k ads 
peed! an is KE deies . : 


(1 UN@ER5T aNd) 
avad at bang.asiy 


aoecte offs Me tr TNE OOE 18 an tstbomee OSC 


{u02640 IS A BOY) 
(1 UNDERSTAND) 


(eee, EVERY MIT-STUDENT IS A GAIGHT-PERSON) 


: : ae aes, , iis cae 2 
Soa Tet a 4h: MMOERSTANDE: hep co o3)d0s Bd biluots ae gd 
te 1S THE BOY A entent- ran ry) veer vite Ren A Dore a) : 
sad . ite carps a 
he ves" UBL ES chtescs Ta: heady uae "Neabded Wa 2 
aoa i poae sot 
. ; 7 ar seas Rt a fu : 
ew gfor deere, bape apa eg ood to rerbjiqgrorso & a3 aon 
(1 UNDERSTANO) 
jk op peacte D> gharse 5 bavtvebbena Mola Gfa , oe gnc 
: ms (ese. TEs “ine acv'a Ga iGHt-PERSON @ 
(MHICH BOY . » (602840 om Sa oh Some eee : ee rh uy 
“ye nm ee eES a, fat og a. ee, AS. SEF RS PS da Pes 
2 A betes : ey yg ky -+ 
? S44 caiezooag oft esidece Motae oie : asi 


"FIGURE ‘8: “SELECTED CONVERSATIONS 


mayedc of: .ffut eb .epogitos geadT yorutpat onotoitis 


a ot vtkitds 2° Hie 
i k roe gfoge od vibisids 2A. 
oI [sere z & 
att pas igpem @ Hit Wo a Bee 
PZ % x + ge ¥ 
: i i Po wktSanog abt iid oF peg Ge ANE 
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d. OWNERSHIP, GENERAL 


(ome, EVERY FIXREMAN OWNS A PAIR-OF-KED-SUSPENDERS) 


(f UNDERSTAND) 


tase, DOES A PAIR-UF-RED-SUSPENDERS UWN A PAER-OF-KED~SUSPENDERS «&) 


(NU #® THEY ARE THE SAME} 


(ewe, DOES A DOCTOR OWN A PAER-GF-RED-SUSPENDERS wW) 


CINSUFFECTENT INFORMATION} 


(eee, A FIRECHIEF 1S A FIREMAN) 


(1 UNUERSTAND) 
(ewe, DUES A FIRECHIEF OWN A PAIR-OF-REO-SUSPENDERS Q) 
YES 

e. OWNERSHIP, SPECIFIC 


{eee, ALFRED OWNS A LOG-LOG-DECITRIG) 


{1 UNDERSTAND} 


(eee, A LOG~-LOL~DECITRIG IS A SLTOE-RULE? 


(1 UNDERSTAND) 


(eee, DOES ALFRED UWN A SLIDE-RULE Q) 

Yes 

(eee, EVERY ENGINEEKING-STUDENT OWNS A SLIDE~RULE) 
(1 UNDERSTAND) 

(eee, VERNON IS A TECH-MAN) 


{lL UNDERSTAND} 


(eee, A TECH-MAN IS AN ENGINEERING-STUDENT) 


(1 UNDERSTAND) 


(ewe, DOES VERNON OWN A SLIDE~RULE Q) 
YES 
(eee, DUES AN ENGINEERING-STUDENT OWN THE LOG-LOG-VECTIRIG Q) 


{6028640 1S A LOG-LOG-DECITRIG) 
CINSUFFICIENT INFORMATION} 


eee, ALFRED IS A TECH-MAN) 


(1 UNDERSTAND) 


{ene, DUES AN ENGINEERING-STUDENT OWN THE LUG-LOG-DECITRIL GQ) 


YES 


FIGURE 5 (Cont.) 


f. PART-WHOLE, GENERAL 


eee. A NOSE IS PART OF A PERSON) 
Cf UNDERSTAND) 
(ane, A NOSTRIL IS A PART OF A NUSE} 


(1 UNDERSTAND} 


feme, A PROFESSOR IS A TEACHER) 


(f UNDERSFAND} 


eee, A TEACHER IS A PERSUN) 


(i UNDERSTAND) 


(een, [3 A NOSTRIL PART OF A PRUFESSOR WQ) 
Yous 
(ame, IS A NOSE PART OF A NOSE UI 


(NO . PART MEANS PROPER SUBPART} 


(ere, A PERSON IS A LIVING-CREATUKE}) 


{T UNDERSTAND) 


tees, TS A NOSTRIL PAKT OF A LEVENG-CREATURE 


SOMETIMES 


(eee, TS A LIVING-CRKEATURE PART OF A NOSE QI 


(NU y NOSE IS SOMETEMES PART OF LIVING-CREATURE} 


(eee, 


g. PART-WHOLE, SPECIFIC 


A VAN-DYKE IS PART UF FERREN) 


(1 UNDERSTANO) 


(ene. 


A VAN-DYKE IS A BEARD) 


{1 UNDERSTAND) 


Yes 


(eee, 


TS A BEARD PART OF FERREN Q) 


A CRT IS A DISPLAY-DEVICE) 


(1 UNDERSTAND) 


feee, 


A CRT IS PART OF THE PDP-1) 


(602840 IS A POP-1) 
(1 UNDERSTAND) 


(eee, 


SAM IS THE PDP-1) 


{1 UNDERSTAND) 


A SCREEN JS PART OF EVERY DEISPLAY-DrviICE} 


tf UNDERSTAND) 


Yes 


Q 


(eee, 


TS A SCREEN PART OF SAM Q) 


A BEARD IS PART UF A BEATNIK) 


{I UNDERSTAND} 


EVERY COFFEE-HOUSE-CUSTOMER IS A BEATNIK) 


(1 UNDERSTAND?) 


BUZZ IS A COFFEE-HOUSE-CUSTOUMEK) 


{1 UNDERSTAND? 


(eos, 


YES 


IS A BEARD PART OF BUZZ QQ) 
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h. NUMBER 


(eee. A BOY IS A PERSON) 
(1 UNDERSTAND) 
(ene, JOHN US A BOY) 


(1 UNDERSTAND} 


(eee, A FINGER IS PART OF A HAND) 


(1 UNDERSTAND) 


lees, HOW MANY FINGERS DOES JOHN HAVE Q) 

(THE ABOVE SENTENCE IS AMBIGUGUS S¢ BUT I ASSUME (HAS) MEANS (HAS AS PARTS)) 
(1 DON®T KNOW WHETHER FINGER IS PART OF JOHN) 

(eee, THERE IS UNE HAND ON EACH ARM) 


{1 UNDERSTANO) 


(eee. THERE ARE TwO ARMS ON A PERSON) 

(lL UNDERSTAND) 

(een, HOW MANY FINGERS DOES JOHN HAVE Q) 

(THE ABOVE SENTENCE IS AMBIGUGUS ®* BUT I ASSUME (HAS) MEANS (HAS AS HARTS)) 
(( HOW MANY FINGER PER HAND Q)? 


(ee, A HAND HAS 5 FINGERS) 


(THE ABOVE SENTENCE IS AMBIGUOUS ee BUT I ASSUME (HAS) MEANS (HAS AS PAKTS)) 
tl UNDERSTAND) 


(eee, HOW MANY FINGERS DOES JOHN HAVE Q) 


(THE ABOVE SENTENCE IS AMBIGUUUS ## BUT I ASSUME (HAS) MEANS (HAS AS PARTS)? 
{THE ANSWER IS 10) 


FIGURE 5 (Cont.) 


. LEFT-TO-RIGHT POSITION 


(eee, THE TELEPHONE IS JUST Tu THE RIGHT GF THE BOOK? 
(602840 IS A TELEPHONE) 

{G0284L [S$ A 800K) 

{lL UNDERSTAND) 

leee, THE TELEPHONE IS JUST TO THE LEFT OF THE PAD) 


(602642 1S A PAD) 
(1 UNOERSTANO) 


(eee, IS THE PAD JUST TO THE RIGHT GF THE BUOK Q) 


nO 


(eee, 1S THE BOOK TO THE LEFT OF THE PAD Q) 
wis 


(eee, THE PAD IS TO THE RIGHT OF THE TELEPHONE) 
Ges 8 


(THE ABOVE STATEMENT IS ALREADY KNOWN) 


(ese, THE P40 IS TO THe pert oF THE TELEPHONE) ~ 


(THe ABOVE STATENENT ts IMPOSSIBLE: - ie 


(wee. THE ASHTRAY 1S TO THE LEFT OF <EME -WOQKR: gece ars 


(G02843 1S A ASt-TRAY) 
(I UNDERSTAND) 


(eos. THE PENCIL IS TO THE LEFT OF THE PAD) 
. (602064 IS A PENCIL) 


{1 UNDERSTAND} 
pA ee 


(eeeg sss THE PAPER 1S TO THE RIGHT OF (THE THLEPMOMEL |. Alboy gwean 


rere rer enerearr Ty 
ae (G02645 IS A PAPER) 
CL UNDERSTANO) 


ito 2 os ah AM! aoa 
i (eee. WHERE IS THE PAD Q) 
4 (JUST FO THE ‘AIORT OF ‘THE TetePnOWEt: — Paes sb PR UWER aves aes 
(SOMEWHERE TO THE RIGHT OF THE FOLLOWING . . “(renciLy Oe itm 
(eee, WHAT 1S THE POSITION OF THE PAB QE! CHG oF eth Gea re me 
(THE LEPT-TO4RIGHT OfMER ISHS PORAGWSE Am Meneses ae 
(ASH-TRAY (600K TELEPHONE PAD) PAPER? ie) ei Sas. * 
(TO FURTHER SPECIFY THE POSITIONS YOU MUST INDICATE WHERE THE PENCIL IS WITH RESPECT TO THE ASH-THAY) 
(eee, THE GOOK IS JUST TO THE RIGHT OF THE ASH-TAAY) 
{1 UNDERSTAND) 


{eee, WHAT IS THE POSITION OF THE PAD Q) 
(THE LEFT-TO-RIGHT UROER IS AS FOLLOWS) 
{PENCIL (ASH-TRAY BOOK TELEPHONE PAD! PAPER) 
feee, A TELEPHONE IS AN AUDIO-TRANSOUCER) 
(1 UNDERSTAND) 


(eee, A DIAPHRAGA [5 PART OF AN AUDIO-TRANSOUCER) 
{1 UNDERSTANO) 


(see, WHERE IS A DIAPHRAGM Q} 


+: 
3 


(JUST TO THE LEFT OF THE PAD) 
(JUST TO THE RIGHT OF THE BOOK) 
(SOMEWHERE TO THE LEFT OF THE FOLLOWING . - [PAPERI) 


FIGURE 5 (Cont.) 
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Operation of functions: | me 
y is itd 3 Segoe ee Sy oe a. ae / wert if ene 
a) Attributes: SUBSET, SUPERSET ‘ ; 
WA fe woe ) ) i 
1. setr[x;y] ee 


purpose: To apect ty: iy the emoue fhae nee x eas ineluded, in set x: 


method: Create a type-3 link Between: x <8 z which indicates set- 
inclusion. id ae Re ee 


procedure}: s : Cpe bee 


a. Ada(PLISE NAME x to’ ‘the. value” ifet_ ot attribute 5 supsni” 


b. Add vena: NAME yy" to the value list of sctetbuce "SUPERSET" 


Ae whe ef . he 
me ee ae a2 8 


c. Respohd“"(2 UNDERSTANDY! 2°22? era 


2. setraliiy] SAA onostas: 
wee: ths oy 6 Gal? Peis Q 7 oe os oe Sete ta a cone ‘ , - = . 

purpose: To eeply as to whether an RMDP Agee dS eset nee an 

element *6f-set'y. 7% °°: ~ ae aa ts Lae ne Ff 


LW g ai 


ores : i tr fyi 43 } y ooh iat 


method: A member of id ednbtdeded: to" ‘Beige abet y Ef" CHe sets. 
x and y are identical; or if there is a chain of explicit get-inclusion 
links proving that x is a subset of y, i.e.,if there ékidta’a 
(possibly empty) sequence of sets v,w, ... 2 such that. 

XCVK VCH JE 2g eehyp ian ait Seti Tsbom of ob vii Sheth 
A member of x is "sometimes" in ¥ ff° ‘there “t's “#°@Rafnoe* obipi fed 4 get-"” 
inclusion links proving that a af. a Ssubset.of 


- ae Som bee edy 
dai rhe y feng fe AASY E-aqyd a edectd ea 


pricetiire’s:: a LESRBINA LE? eh 30403 aacer asd om Tt 
a. If x=y, a ieead "YES". 
b. If there is a path from x to y through type-3 Links following tes 
the attribute "SUPERSET" , respond | "YES", : . 


c. If there is a path from y to x env eS anne “‘Sottowias 
the attribute 'SUPERSET", respond 'SOMET vane: 


d. Otherwise, respond aurea 


b) Attributes: MEMBER, ‘#iEMENTS °°"? 2HPsne ors eee: 


Lees 


purpose: To seacley in the model that. xis od cite? EP tHe eer ae 


method: Create a type-3 ‘Link ‘between a ant ly Ma HOUR cites - “gets” 
membership. 
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procedure: ranQidouut LG cabin agg 

a. Add "(PLIST NAME y)" to the value list of attribute "MEMBER" 
of x. 

b. Add "(PLIST NAME x)" to the value list of ettribute "ELEMENTS" 
of y. THeNNGU Se .Pess cs csuerx dA (8 


c. Respond "(I UNDERSTAND)". 


2. setrsq[x;y] 
vo fae eft bobulen: ef . tas ageu Sebor ofa ok vilosqs Gi tagediug 
purpose:~ To reply as to whetfier x is a member of the set y. 
sawaso gait Eesev: 2 Sasa) yhod sery 
method: Reply "yes" i?’the foiling is true: 
Cju){[usxv[u is equivalent* toxJ]A.. eae oe: 
{{there is a link indicating that u is a wenber: of ones 


egealighers, sake S:dink indicating shet.u de. sumep rE ba: 


ort gy 


[any member of set zg is a member of set y]]]]] : te 
a3! 3 teid aude ads oo: “fw AMAR Tei dip? ons i 


procedure: 
a. Make a list of the items connected: te-x,by;8 typendo dink 
following the attribute "MEMBER". 
b. If y is on the list, respond "YES". 
c. If, for any member z of the list, setraal s5y1=Y8S, Fespond 
J E 7p yoddene oF 38 2 ens. 
“Repeat steps. “ay” enbocgn & ye with x eplaced: by. ‘aaah, ‘deen ;. sepals 
re ie: to x (if any) until a "YES" reeponse is made. 


_Aettbavite, FERPA ah ESTEE 2 BEE oDERABA TOW * » roduiam o. “horses 


Bet 


ti, te wisd> 6 2) stadi Fi te tleetursbs soa. bes a 
— “setgeitgial on ti. .g.d cy 46 aoe. 6S Bo A FREE MIL as: aid 


to S3AnSuUpSse ie fet taeeq) 


purpose: To specify ia the “model that ‘the tmigyeselgnent ae any)’ of 
the 9¢6 Sih ARO Am Shewmene -9F CRA ISeR Bes: eos aomou ely te as 


motes! omer 


method: Create a type-3 ifnk "from ‘the “unique ‘element. of 3 x ‘to y > which 
indicates set-membership. If x has more than one element , do not, Af WP.) 
any link. 


Jtagye bAGGL4 oN yo _& 
fot anid Ceaqut desordd y oi x mori dtaq 6 ab teda ti. od 
procedure: Nor Suodaag, THRE ibe" ' add 
ap recA NG §S. StL ay. ak cityl als cs % G4 Y MOV 253g 
=N L, na bee ye: GMOS ones a ne 


c. Otherwise ANAM AGAAL Tae 
4. specify[x] 


purpose: To determine the unique element,,..d4, any», o& the set.X%. 5:5 ta 


method: If x has one element, find its name. If x has no elements, - 
create one and give it a name. If x has more than one element, ask 


which one 2, and. indicate . failure. ; & o8Hg lube: ad lo mb vilosqa at Eyam ore Were, 
—<—— 
“See Party. ie £85 ap explanation of RSURIN A LORE’. Saagy) #6 Ges. Gadde 


wa Be BG 
wees 


wr 
A etl oer esr OO Fe ci me eS Se eo Oke ee i 9 oy Sp sas Bh ee a 
Lm db Ows ed Pee OER PELE Oe eg ie” se ee ee LDP ety 


procedure: 
a; Get the value list of the attribute "ELEMENTS". OF are 
b. If there is no list, create a new symbol u, respo "(Cu Is A eke 
execute sefralusx], end xehurn yee She; velugofqpacifyiste: : 
c. If thére is just one element named on the ligt,.,or\df. ahi. ‘rhe 
elements are equivalent, return the name of the first” element as the 
value of apecifylxl. -.... eee bayit cae 
d. ‘Otherwise respond “QwHICH. Bone . W)3aswhere woia.e diet Es saci 
names of the elements, and return "NIL" as the value of specify! =]: 


5. setralqix;y} : 4 Peedi or ek fer RA Ped, ti - : . 
purpose: To reply,ga to whether the unique etement;: FE anys ot the:set 
x, 1s a member of the set y: “Ate “HOG BME 

"COAATARAGI TY" Leages! 
method; Determine the element referred to aan apply setreq. 


te vt 

procedure: 
a... Gamput¢ .u = spacifyls) -. Sty PO Saath: od Boo ov daed Fragen: 
b. If dw = NIL, terminate. se tae Fy cote ee 


c. Execute setrseq[u;yl. 


a) Attetbate: quiv, 


1. equivix, y] 


purpose:, tq spect fy in che madal.ahar wand guike equips leat: 
method: Create a typecd: seh SS Be ana which babies ioe equivalence. 


aogegy ,VHOAN-Ya-eeReeCH atudics ane 


procedure: : ere AML Y" Luogess oxiwis, 
a. Add x to the Wale ‘List of attribute "EQUIV" of y- 
b. Add y to the value list of attribute "EQUIV" of x. 
c. Respond "€I UNDERSTAND)". 
Be eed TEAWO iagawi cid: 
2. equivl[x;y] 


gt 


purpose: To specify in the model that x is equivalent 'to the unique 


element, of the set. y..... ‘2 fahorm sd3 ni vydisoge of lau cug 
method: Determine the element satetel-in and @pply, gaudy « ; henddun 
mobster Gideiescks osbrsdera 
procedure: 
a. Compute u npr h ha be pba’ 
“De, Tfu = NiL* terminate. wi) ot “tx IMAM TRIG) bea oe 
c. Execute equiv[x;u]. 
ORY oo tagcer 2, teochaii gufow sg ol “Cv Maat T i 
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d) Attributes: arta: POSSESS-BY-EACH 


ae ownr Ex; we 
fo A A as ; Sev of UNET: : “ae v3; BoE i igh 
purpose: Tovspadity. tae ehdemoded ‘tha every” ibe 6 (BE set ty bins Soe 
some member of* dlp os Re haan HGH de 8h x, 


writ 2 § Yop Bowes, Ah Pe ISs aoe SUTUDs wis ASN e 
method: Create a taeed link cpeewece x and | which indtéates the aes 
ownership 1 Felatton’ baseeee théde membérss7! mes ee ee eS aren 
peoceduce: 


a. Add "(PLIST NAME y)' to the value list of attribute” 
NOWNED-BY-EACH" of x. . 
Shp eliad@ Y(PBISE NAMRR)® #OPtHe vatud” ‘ttat“of ateribiite © ee 


"POSSESS-BY-EACH" of y. je ee a 
Cc. Respond i UHDERS TAM) 
Se X ue VE Ea. OPE ge Ss i 


2. sider) 


purpose: To reply as to whether an arbitrary ‘enter of set = ‘owns 
some member of set x. eg eo ae 
method: The answer is "YES" if x # Yo and 
(qz)[y=zV[y is a subset of z]] A. 
{there exists the appropriate ownership a ; peeweer z. and zi) 


procedure: 
a; If x*y, respond "(NO ** THEY ARE THE SAME)". nee eS . 
b. Create the list 2 containing y and all sets u for which there 
is a path from y td W°through bypé> 3 TPnkes 691 bowing Bie: “ater tbute 28 od Fee 
"SUPERSET" . o 4 ¢ : r z yl ia 5 fa ee a . 
Oe 7 UPS atty eEdent’ wE'R (cotta ing a type-'f ‘Link ‘td & “following §°- °°?” 
the attribute "POSSESS-BY-EACH", respond’ ‘'YES". cee 
d. Otherwise E respond ." CINSUFFICTENT INFORMATION)". Ce lak 


Yo gar: au! 


e) Attributes: OWNED, POSSESS 


1. cunzeulss yl . 


app man Gad Sina wedate. “Cy Gs ames ey erro Os Be fae he SG pap POPE get 


purpose: To epeciey: in the ‘aed ‘that y owns a ‘ember dW the ‘set’ Daneel 


method: Create @‘typé-3 Link bétwéeh % ‘and Witch “tndicetes the °°" 
intended ownership relation. sae ee 
procedure: pete ae © 
a. Add "(PLIST NAME x)" to the value rie! of reerttuce "possess" 
of y. 
b. Add "(PLIST NAME y)" to the value list of atte hike "OWNED" of x. 
c. Respond "(I UNDERSTAND)". 
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2. ownrguq[x;y] 
purpose: To reply as to whether y owns a member of set x. 


method: ‘The reply is "YES" if there is a ‘tisk indiesting that dX. owns | a 
member of t or of some subset of x;or if 
Jz) is 4 member. of 2] A(qu)[luseV2Cula 
“ Uy de fsa link ind erty Z ie every  weniblee of set uy 
owns a member of set x])] 


procedure: 
a. If there is a link “udicating ‘an x ‘is ees rae: te 20nd "YES". 
b. Consider each set z for Which there 4 eantets that 
y owns a member ‘of z If, for any 2, setrq[z; aye 
c. Consider each set 2 such that there 14.2. 
an element of z 
d. For cach 2, construct a list Q containing every. set yo for which 
setrq[ z;u]=YES. 

e. Compute m = the list of all. gets. Buch. th, t Shere is) a type-3 
link from x to v following the attribute iiy-eaga ape 
£, Tf, for some z, the intersection of nee Be s ‘net capey 
respond "YES". 


g. Otherwise, . respond erate acta 


oF indie 


oredr» y “ao 


RP MSt 


se Po dao 2 


3.ommrssaixiyl 


Ba aa ee aks 
WO CEST ETE: 


purpose: To reply as to whether the ae element of ,the HOEK 
is owned by. ‘some. element of the. eat, no ARS Bao 


ve aaah 


method: Ds termine that a ‘unique "eeSiaae seg gxiets. ea, thé” 
reply is s" if 
Cast feed is a link riéating: ‘hake a member Qt set, &. is owned by dA 
(vy) ([[v=zV [v is equivalent to z] laa - 
(4w)[[there is a link indicating that y is an element of MA 


[there are Vika. dna gat tag tae Mobs: lg raeees of €.glHT 


babe wade 


procedure: ane eT : merit Ee, 
a. Compute u = dicated Orv ened 
= If u = NIL, terminate. are 
aerate the. Seiya w vigh 
eaiaee “of th e atéxiby Peron 
d. For each w, “genérate fhe’ ‘sets Zz sihich” wy 39, Egg ény j individual — 
equivalent to w, is 4 jambex, af. F pvr)" ne. 
e. If, for sda Z) setrd| : ts Yes? Tespond WES" .” a 
f. Otherwise respond !"(INSUFFICIENT INFORMATION)". 
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f) Attributes: SUPERPART-OF-EACH, SUBPART-OF-EACH 


1. partr[x; y] «. She My eek os edie Se we 


if aie FO Fe2 ea GE HO’ ce BS act 
method: Create a type-3 ‘thaceccacue Ba ‘ igh ioe fre ‘part- 
whole relation derweue” “their medibéers > an ba peak: ee es isk 
procedure: : 
van Add Ran aha ei to the value | jist of attribute . pease 
"SUPERPART-UF-EA 3 
bee 2 i ‘d ad ; ‘2 


"SUBPART-OF - RACH es D Cal 


C.> Respond 
“9. pdrérql xX; yo" 


purpodé:’ * To” reply, Aa..te 8 phetties.. ad ftieeay y wember of set * ‘ty ee 
part of some, member Meet Zs paws 


foot hes ie suldageiusisi silt SHG e cet ae os 
method: No element gy it yee "YES" if - Gee peered 
(Jw)[[there is ‘& Mane Se spate eating that an feptediey ‘8 
member of set x is part of some member of wlA tory 
[[there is a chain of links indicating tha Pr gist © 
teiydiety Py, of w ). peat we tepth Sate Pree ee 
Reply "SOMETIMES" ‘ ‘ge? JP oupitt MUL qaritaihes of 27 rigs oT a i cat 
(jw)[[there is a chain of links bax caeigera a ‘an ‘arbitéary © 


member pt set is part of some ss Sate tet 
[theré ‘fs ‘a “éhain “of ‘Tinks oped oie aae URdE wad “a “eybset - of Sa aa 
Reply "NO"if an ma aS ae act githes iq Always , or ddmet ime: 8 a. . x fos 


part Of ‘some ‘mémber of s& a 
aviupo ak See: 
proéédure: ° 3 dad BOL tS isis io antl on @: enadailf Ej 
a. Tf =<“ resporid ’ “aio tity bet itt Sant)! Pie sor 
b. Generate those sets w which can be reached from x through sy 
a chain of type-3 links following the attribute e ."SUPERPART-OF- 7X0; 
c. If, for some w, a = YES or iT ee ee 
"YES" a " 5 i hee 
“GPthé ‘réeponke for Balciet gta Reh back i perihtes, 
amet myc 1, 2S PART OF 2 ox "NO, bier’ ‘oF ' 
respectivel y: iw Ss zie end Poe ie aS 


e. Otherwise.regpond eusuRRe, a0 pies 


"HOLT AMEO 


cot Dc ST it AE ER RR es SERRE oO 
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g) Attributes: SUBPART, SUPERPART | 


‘te partrgulx; .. gt os ; . 
purpose: To ‘spectfy” in the model: J ait some ‘elenient. tof Bet: x is a 
part of* ‘thé ‘tndivtdaal ‘y. ee ae | 7 
method: Create a type-3 link between x and x. which indie the: 
appropriate bart “Whole ‘elation: 2 bed is ee mas 


procedtte: | - ae en 
a. Add wcrLtae sielea ye tothe ‘Value - tae OE eeepeite” 
"SUBPART" of y. 
b. Add "(PLIST NAME y)" to the value list of attribute § 
"SUPERPART" of x . oat oe 
es Tedpond **(E ONDRRTAND)™. peor te ee te nee 


2 partrge[x; yl . . 

: Hi ~ aes pees : Apes : Y : : 

purpose: hip epectity ‘tn ‘the model! eater» “*sotte’: ere ‘ot eee x pte a paragsc 
part of ‘tHe unfque efeltent’; ff any, of the wet Yi 7°) 


2s Play 


method; Determine z, the ‘unique element of y. Then soeaiy that 
some element of x is part of, as 


Sep Lee g FINES 
procedure: E 
a. Compute z 3 ecify[y]. ia, : 
b. Pf -2 te NEES Pekinates - 
cy Else}, ‘coupitd partipubss] 68 as 


3: partrguq[x;y] 


purpose: To reply as to wherticy. some Biement. of set x is Pare. of 
the individual yo 8 0 
method: A member of x is a part of y if. dr ae. ath, 
(Fu) uty V fy fe eqitivatent to YA 
[(Qw){[there is a link, ACRES that an element. ot ® 
i ley a cae PS coe 
{{wexV [there are*V'th tidtiewt tie chia C8" e Cale at xl V 
8 10 JGR thére ard tints Natta na ‘tHat | een of 2 
i 99° Hits ‘gotte “e Pétion eee aes BRA ie orads PV Eves V4 
[wee V4 eee axel ‘ais va ting ‘chet w tee dibeet of z]J]N 
; tate is an element’ 6? emus bY 378¢ 
ot Gy ities are Linky Seber ‘that z tea: ‘sibbet of 
ee : 
procedure: eo ene a? SB duc 
a. Generate those nodes yw which can be! Vedttied - ‘Fidin % or from 
any node ‘eqifivatént! tv ys ‘by # chet) vf pers Pires "Po Pe as the © 
attribute SUBFART « " GEUG Rae oh Be aes ce nee veer 


~R 


b. If, for any w, setrq[w;x]*YES, respond "YES". 
c. Otherwise, generate those nodes z which can, -be jreached from x 
by a cae of type-3 links following the attribute "SUPERPART-OF-EACH". 
. Lf, for, any Zand any wi. setaahwizl=YRS respond."YES'!. — .... 
e. Othérwise, compute the Tee of sets qr viet there ie. 
type-3 link from y, or any node eee to x ollowing the 


attribute: ,"MEMBER'.., :. 


f. Generate the wedee: Vv ‘which | ‘can ne aus shed -by “a, chain. ‘of, ee 


type-3 links from x following the attribute, "SUPERPART-OF- EACH". 
g. If, for any v and any u in £, setrq{u;v]=YES, etpend MER 
h. Otherwige,xeapond "(INSUFFICIENT INEORMATIONY'« 


rend 


eo SaF 


het magingsy et 
PU ALas 


aes / 


4. partrss[x;y] .. ... old So yeh BEA open anes act i" 


purpose: To specify in the model that the unique, plenent,,.. ‘if. acy, wae? : 


set x is part of the unique element, if any, of set y- 


method: Identify the unique elements u and v of cee x and y, 


respectively. Specify, chat some .eLement AE Bet Z, AS. pact. ef the agodtog 


link from x to uy specifying which “element ‘of x is involved. 


2 teak yd y ; ious fa suotis oft .y srs! Wed }ehhad 


procedure: pea Rio ow US haweeta upset 


a. Compute asnwcueer bly and umapeci tel. als 


b. If u or v = NIL, terminate. Lie aig 


c. Execute partrgu[x;v]. shas - 

d. Add u to the value list of attribute” ‘ig reorns on 1 that 
member of the "SUPERPART" value list gf 2. which refers. to ye. 

e. Respond ''(I UNDERSTAND)". 


5. partrsgq[x;y] 


purpose: To reply as to whether the ‘unique “element ‘of set : x ‘4p part - 


of some element of set y. 


method: The answer is "YES" if there erlate ry andaue elegent £ of 
set x and if . 
Gat Lehere is a link ‘indliceting iehee rma ds part ‘of slA 

vi, Aw omy u ts equivalent tag’, 

so. Gyl[t theresa link , ing that. u 2 Bre element of vIA 

= {ly=v]V [there are links indicating, that; y ts. a subset of vN 
aoc. >» Gadi Uthere, are Tinks. inds ieee RAK VERY, 

, is part of some qlAl I vaq 

Lthere are Links indleating ae mis. pub i ann 


i i 


procedure: 
= Compute z = specify[x]. 
b. Lf 2.=.NUb, terminate. 


/ Generate thoge. modes, "which ‘can, he Reached, rom 1 by. a ra ao) 


eo eess “Link following the attribute "SUPERPART". ~ 


19.5 


d. For each w compute the list As oF those sets watch ee or’ ia 
set: equivalent to w, isa imember of. 53 : pee, 
e. LE ysis’ in @, respond "YES" “ irate 
i If, for any v€Q, setrq{¥;v] = YES, eeeepne: yes". 
ee Otherwise , generate thows:-notes: 9 which can be: reached from 
y by : “type 3 litk following: the att rébute MSUPERPART-OF- EACH™, : 
h. 1f,! for any g, setre[v;q) = YRS rekpond: "YES 
i. Otherwise reepend: “CINSUFF XobewT! 1 ETON)?" 


et 


h) “Attribute:  MOMBER: 


Tee parceafxsysal 
purpose: To apes in the model that there are n eYesients ae the 
set x iter are Bere el Bvesy. element, of set x: 
. gto : Okeete a typed Link heehee x re opect tying thet: an. 
element of x is part of wbse' ehement’ of Ai teats type+l Links | 
associating the number n with that: ae raed "3 fh 


oe EAN De Ha 
- | Exeegute aes: yee : nd 
. Add'' {NUMBER n)' ¢0° beth: ‘the: diet: whith’ was: aided: te the alae " 

list of attribate "SUBPART-OF-RACM" ef 4; and the det“ whith: ‘wae added 
to the value list of attribute "SUPERPART-OF-EACHY OF Kivoss nod 


2. - partrnu[x;y;n] 


purpose: To specify in the model that: there are n elements: of. set 
x which are parts of individual y. 


method: Create a type-3 link between x and y which indicates that 
some element of set x is part of-yi . Create -type-l links associating: 9 
the number n with that type+3 link. bitty FS ad ie NES s et : oo 


procedure: 

a, Execute partrgu[x3y¥]. w : 

(by v Add: *COSUMBER: n)“t0- both che laate andes wag: vation) tothe - 
the value liet of attribete "SUBPART" of y, and the: list which was 
added to the value list of attribute "SUPERPART" of x. 


Poe 


3. peetenudl ss yh ae 


purpose: to: veply as “8 how many clenente: of" ene wet x are » parte 
of the cera gaa x: : Phat 


Sie 
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methods... If. | - fo pen & 2 pagans 
Gu) [[ there e. a link edicarta thet ahoalenedt ak 4 Ab ia ee af xine 
[{usx]V (v)[[there is a chatey'of. tui isis teing, that 
a v. im part of: every ply [imevities Gov vac io] 
{there: is: a-chain of J inke d.nddcet ings x ris ae eidenh af WIN 
(Ju) [theres ie: a dénk: indicating thet: g: ka: am Pikementi of ext: ale ud 
(Jv) [ [ thexe ise: ehain gfy Hinks, teenie Lupdeuaet ee as 
part ofveverycaglyy{ [rmvb aaye2t hy beogass seiwsae. ‘ 
[there is a chain of links indicating ‘that x ts ae 
subset of v]]]], 
then the answer is the product of the values of the type-1 links follow- 
ing the attribute "NUMBER", associated with each typmHickink waed dna 65 
proving the required part relation. If any such "NUMBER" attribute is 
missing, the reply should explicitly request it. If[¢he: partrwhole. ; 
relation cannot be established, the seply. pacts etee that fact. 


hited os got woods tEf 


ivcegdube:- : ay s tye 

a. Follow the Ecocgaute: of poet reunl cig. aneil inke.: ate ‘found 
which warrent; 4: "YE6!' respense .:; Save-a.diat £: pf Bld required Hanke 4. 
which follow the atspibute: "SpBP; com NASPENRIOS 20 “BMA's 00 sao J9 

b. If no such list can:-be: 3 responds go rsdmun ae puldaluasen 
"(I DON*T KNOW WHETHER x IS PART OF y)". 

c. For each element a of &, where @ specifies a "SUPERPART-OFriACH!'; 
link from u to v, get the value of the attribute 'WIR@ER! of.:.a,:i IE,: for 
some.ds, m0; such: yeilue. exieted, reapond: | (EGG MANY Ge PRB Q)"bbe 

2G: Compute: a ithe product pf the smubers-phewised above... io s2ii 


Respond "(THE ANSWER TB alas -50-THAnIAWS" agudiaiie Yo geil aviiw oe? as 
in: f 

i) Attributes:.-4IRFT,.RIGUT, JLERT,: carina fioab vtrasaqa <3 q 

sebivyiSar goa eared ile? OX 

Ls jright[x;y] | 7 

Ahora ! awed Amit ¢ pe aod > Ear jam 

purpose: : Tp epectégn: eo the, ‘dpdek: that the? anique slanenks of ont:.x. 1s suc: 

located just to the right of the unique. element: @f: sefy.- 1s Pa jecuae ada 


method: Check whether the statement is consistent with existing knowes::¢ 
ledge; i.e., that nothing is known to be betweenjgvandsy andithat y: 

is not khown: to; be tec the. rightwof: x) sdf Atods. aba capeteg pnt: complain. 
Otherwises,c#eage a:: typedd adek dad cartamrebe israel acuta unc aritan gts 


ia" aqua te tail safes add mi bybba 


procedure: . = | scree 

a. If soecifiel” or bapectea er: = “NIL, ectuiacen x }pui: + de 

b. If there is already a type-1 link from y to x following the at- 
tribute "JRIGUT",: respond |'( THE: ABOVE: STATEMENT. 38 ALREADY: sje Poiana are: 

c. If it can be proven that y is to the right of. «,idugsyidf> oda te 
rightp[y;x]=T ; or if there is any type-1 link from y following the 
attribute "JRIGHT"; or if there is any type-1 link from x following .the 
attribute "JLEFT"; then respond "(THE ABOVE STATMENT IS IMPOSSIBLE)". 

d. If rightp[x;y]=I, and there does not exist a direct type-2 
link from y to x following the attribute "RIGHT", respond 
“(THE ABOVE STATEMENT IS IMPOSSIBLE)". 
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casder 


attribute NSLERT"; al respond i mines TAD)". 


rightpLxsyl 


purpose;. To test whether it is known that the x is located to the . 
right of the Z San ‘§ oe ese ee epee 


method; ordgnepLxs yl is defined cect ge lows: tt there is 
no type-1 link from y fol] owing . the .aktr Pe nd ve Fa aie 
link from y follow fb, agresuts “am _bhe value of “rightp[x;y]" 
is NIL; Lf following ve Links ex eee and“ tfnks ‘to nine value 

is T. Otherwise the value is the disjunotion of the ES of . 
"yightp[x;y]" for all u which are linked to x by one of the “above links. 


procedure: 
_ Compute u, the value of the. types} link a following the 

attribite"Setari™ 

b. If u™x, value is T; “41£ there ts no uy go to step d. 

c. If rightp[x;u] = T, the value is T. 

d. Compute 2, the, Value of the tyne? link from ¥. following 
the attribute "RIGHT". 

e. If x is a member of list £, he phe value is 7 tf there is 
no J, the value is Nhe : oe aah 

f. If, for any veQ, “rightp[x: vl=T, ee Maine ts T; otherwise 
the value is NIL. 


note: "TJ" and "NIL" are special LISP molioaies seaming. for "true" 
and and "falsé," reapectfully. 


3, right[ x;y] 


purpose: To specify in the model that the unique element of set x is 
located to the right of the unique element of set y. 


method: Check whether the statement is cqnsistent ‘with existing 
kngwledge. If sq, create a type-2 link Andteating ‘the  POREELONAT ; 
relation, | -Otherwige. complain. 3 i 


peo toa 


procedure: . 
a. $f. apecifylx] =NIL or apaniéyisioutil term inate. : 
b. If rightp[x;y]=T,' respond “(THE ABOVE STA NE 1S: ALREADY. ‘KNO} D 
. If rightp[ y;x]=T, ‘respond rie ARQVE STATEMENT IS, ree 
Otherwise, create .4. type-2, link ,£rq x £0 2 Fallow ing. the 
séteteacs “RIGHT”; Greate a type-2 link’ from x foe followtig ‘ie 
attyibute "LEFT"; and. respond oe eT" | : 


4, jrightseqls;y] | 


purpose: To reply as to whether the x ig located just to the right of 
the y. ate . fe ea et eee ea en pie a 


oer rere 
ph SSO eed 
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method: Determine whether the links in the model indicate that is just 
to the right of ys x x, cannot be dase, to the Le ae Of or ee 


st eae 


procedure: 

a. Lf specify[x]=NIL or scacrecr seat terminate. 

b. If there is a type-1 link from y to x following ‘the “attribute 
"JRIGHT", respond "YES". 

c. Lf rightply;x]=T; or if there ts” any type-t Tt: ‘from 'y fotlow- 
ing the attribute "JRIGHT"; or if there is any type~1 link front x follow | 
ing ae attribute "JLEFT"; then respond "NO ". a 

4 rightp[x;yJ=T and there doés not ‘éttad a diréct ‘type-2 pet aa 
from to. x following the ‘attribute | 1G inte ‘Feépond mNo”. pete 

e. Otherwise, respond "(INS 


SSG as STG SAQZ To cis 


vod 


55 rightssq[x;y] 


purpose: To reply as to uhether the x. is located to ine right of they. 


method: Determine whether the Links ‘in the ‘model’ “indtcate that xis 
to the right of y, to the left of yy. or ' peither.. 


» § 


procedure: ‘ pats By a aes ay 
a. If specifyfx]=#NIL or spect Unt, téviliniiee 3% 
b. If rightp[x;y]=T, respond "YES. 0 0 
ec. If rightp[y;x]*T, respond Noe a 
d. Otherwise, xespond " CINSUFEICIENT INpoRMATIOH)" ae Fagen 


6. wheres[x] Howl Gehuy ad 


purpose: ‘To determine the locations of those objects which have _ 
been positioned with respect to the unique element “df the “set x. 


method: Reply with the information provided by each posit fonal link 
associated with x. a 
procedure: 

a. If specify[x]=NIL, terminate. 

b. Compute u = the value of the type-1 link from x following the’ 
attribute "JLEFT"; v = the value of ‘the type-1 Link “from: x ‘totlowing’ the” 
attribute "JRIGHT"; 2 = the value of the type-2-filik frém x “following © 
the attribute "LEFT"; and m = the value of the type-2 link fromx =| 
following the attribute "RIGHT". . ae 

c. olf, i, y, 4... and m. all. ‘do ngt exist, eénperil “cH posrrady Is - 


ac “Te a does not exist, ‘go to atep. Hee eg ae © 

e. Respond, "(JUST To THe ‘RIGHT * OF “Te on, and 80° to ‘he next ate. 

f. I£ v does not exist, go. ‘to step. Teo 

g. Respond, "(JUST TO THE LEFT OF THE v)", and ‘go to ‘the next step. - 

h. If Q does not exist, go to step j. 

i. Respond, "(SOMEWHERE TO THE RIGHT OF THE FOLLOWING.... 2)", and 
go to the next step. ' _ 

j. If mdoes not exist, terminaté. ~ 

k. Respond, "(SOMEWHERE TO THE LEFT OF THE FOLLOWING . . m)". 
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T. ‘Yocateatx}” °° er ee 
yeteey PORE as 


purpose: To determine the location of the unique element of set x with 
respect to as many | other . (objects as + poagible, 


method: osteevude | ‘a diagram ‘of. the “Pil ta ght Bak r of  Geteces ty 
searching through all ge fa aoe fy oe atarting from and” 
proceeding recursively, thes s a list, w 


jects known 't6 ‘be yalacedt a eri cae ni oy 


links from x exist or if a eticarteciae g cant a make an 
mete eS comment . 


procedure; 
a. If Ue Eelam: terminate. 
b. Set, the Ap: itial diagram ig Os) 


c. Cdmpiike ee Jatte p ante § fetloet 
attributh " IGE". - u exfsta o1 Pe 8 ‘aroady ge to step f. 
bere u Hae" to othe rate oe x re eat: F as ‘Fight after 


x ina eee vide of g- = 

e. Replace g by the Lal of mers see peogedure ‘starting | 
from step ¢, wi be his cing the ‘ar ument and = 
‘the current val bg ad the « a Ah piste fb. He aks * 

£. Repeat step c, for the attribute "JLEFT". In case of failure, 
go to step i. 

g- Insert u just to the left of x in g. 

h. Repeat step e, 

i. Compute Q = the value of the typer2 link frem x following the 
attribute "RIGHT". If no 2 exists, go to step &. 

j. For each m€Q2; If m is already in the current g, ignore it; 
1£ there exists av in g which is the object (or first object on a 
sublist) following x (or a sublist containing x), go to step k. Other- 
wise insert m after - x (or the subldst containing x) in g, and repeat step 
e, with the current Value of m replacing x. When all mé2 have been 
treated go to step re 

k, If rightp[v;m]=T, insert m after x and continue with the next 
min step j. If rightp[m;v]=T, then just for this vate of m a replace % x 
by v and continue as in step j. Otherwise, respond © care 

/ "THE LEFT-TO-RIGHT ORDER IS) 


4 - 
(TO FURTHER SPECIFY THE POSITIONS YOU MUST INDICATE WHERE THE m I§ 
WITH RESPECT TO THE v)". 
1, Perform operations analogous toe i, j, and k for the attribute 
"LEFT" of Xe 
m, If the current g="(x)", respond "(NO RELATIVE POSITION IN KNOWN)". 
n. Otherwise respond, "(THE LEFT-TO-RIGHT ORDER 18) g''. 


8. whereg[x] 


purpose; To determine the locations of those objects which have been 
positioned with respect to some element of set x. 


method; Find an object u of which an x is an example or a part, and 
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which has positional links. Then find the locations of those objects 
which have been Saag with EeSpect to u. pee 


AG x te 5 ee ee ” t 


procedure: es ak ie as - eee : x 
a. If x has any positional Links, “Le ron "if the attributes» 

"JRIGHI",. "JLEFT", RIE ae ail o£ 3S, ate ANE ali BARRE ae 

erues e whereel x] ae i Sgt ae, ee oe 

in ae ee ; 

i 3 yh “ke LA ¥ Be Ne ? 

Te has at Least one Sete Th ea i ; ei i aa cae 


then execute- wheres[ u]. 


c. If the hypotheses of step b.hold for the attribute "SURARR ae 
execute wheres[u] . 7 4 SEG 


d. If 
» ey ehare 3 is a sequence of ‘Tinks 4 


dase aous 


VETO ofht 


oe ni pls a sage v1 


r Prong 
pus 


See ES otis and > 
i 
< a 
sot 
a 
r 
Ps , i 
ES 
t 
Vy f 
f ce 4 bad 
mee bee 
i ¥ Ee ns 
Pe Vey te ooh ‘ 
ae Pee ee ot 
tt 
7 b Se we woe, ey *bse) tay 
& i a §ogfdo fs Poa Sasi dom 
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B. Special Features. 
This section discusses the sample conversations for Fig. 6 which 
illustrate three special features of fhe SIR system. The first two -- 


the exception principle and regglv j _- iAjlustrate how 


SIR can be used to simulate various aspects of humen 1 linguistic behavior. 


IMT RIR AMG 2UCBM Geb sae wight weet 


The third feature -- streamlining --~- dinsiat raved offéway in which SIR 


Sa Se a 


can automatically modify its model structure in ‘ondex.. to, save computer 


memory space. OC eee 
errata) 


a) Exception principle: General informetion,,about..''all the elements" 


estates 


of a set is considered to apply to particular elements ‘only in the absence 


(YG a gf veea 


of more specific information about those element 4%’ ‘This’ it is not 


necessarily cpntradictory to learn, thas, mampqla.are..lgnd animals" and 


GREER BGS 


yet "a whale is a mammal which always liveg ijn water." .In the program, 


this idea is.-implemented by always.cefenning: fer desired information 


watz Xoun 
to the Braver tas ist of the individual :eouaacned before: looking at the 
FIRDN Le ab PUT BBA CL DETR D2 SYOSA Ges) 


sé zs. fA dei? 


destriptions of pera to which the individual belong 
FUG CAD chaste stew xO 


The justification for. Side depereuce: Gace. the, nenexception prin- 


ciples of Aristotelian logic is RAS AR GLON op aber ee 
SAM OR cde h Sete gm Gee ‘Uh we CUGLETame fi butts * 
facts over backaroond now iedee. seems to be the Way Beople operate, 
fis JWaw GR f ifap dete. ake wud 


and I wish the..computer. te. communicate.with people a0.1 naturally as 
possible. 

The present program does not experience the uncomfortable feeling 
people frequently get eae peaae eae e like "a whale is a 


mammal which lives in water although mammals as a rule live on land." 


However, minor programming additions to the present system could 


a. EXCEPTION PRINCIPLE 


(eee, THERE ARE 5 FINGERS ON EVERY HAND) 
(1 UNDERSTAND) 

(een, THERE ARE TWO HANDS ON A PERSON} 
(1 UNDERSTAND} 

{[eoe, A 60Y {S A PERSON} 

(If UNDERSTAND] 

(ees, TOM IS A BOY) 


(f£ UNDERSTAND) 


feae, DICK IS A BOY) 


(i UNDERSTAND) 


(eee, HARRY IS A BOY) 


{f UNDERSTAND) 


(eae, TOM HAS NINE FINGERS) 
(THE ABUVE SENTENCE IS AMBIGUUUS #* BUT L ASSUME 
(1 UNDERSTAND) 


{eee, DICK HAS ONE HAND) 


(THE ABUVE SENTENCE 1S AMBIGUUUS #* BUT I ASSUME 
(1 UNDERSTAND) 

{eee, HOW MANY FINGERS DOES TOM HAVE W} 

(THE ABOVE SENTENCE IS AMBIGUDUS ** BUT I ASSUME 
(THE ANSWER IS 9) 

(een, HOW MANY FINGERS DOES DICK HAVE Q) 
(THE ABOVE SENTENCE [S AMBIGUOUS ©e BUT IT ASSUME 
(FHE ANSWER TS 5) 

(wee, HOW MANY FINGERS DOES HARRY HAVE Q) 
(THE ABOVE SENTENCE IS AMBIGUOUS *# BUF I ASSUME 
(THE ANSWER IS 10) 

(eee, HOW MANY FINGERS DOES JOE HAVE W) 


(THE ABOVE SENTENCE [S AMBIGUOUS ## BUT I ASSUME 
(1 GON#*T KNOW WHETHER FINGER IS PART OF JOE) 


CHAS} 


CHAS) 


CHAS) 


THAS} 


(HAS) 


(HAS) 


MEANS 


MEANS 


MEANS 


MEANS 


MEANS 


MEANS 


(HAS 


CHAS 


CHAS 


CHAS 


{HAS 


(HAS 


FIGURE 6: SPECIAL FEATURES 


as 


AS 


AS 


AS 


AS 


AS 


PARTS)) 


PARTS)} 


PARTS}} 


PARTS)? 


PARTS)) 


PARTS)) 


b. RESOLVING AMBIGUITIES 


(Ceee, JOHN 1S A PERSON) 


(1 UNDERSTAND) 


(awe, DICK IS A PERSON) 


(1 UNDERSTANO) 


(see. A CHAIN [S PART OF A BICYCLE) 


{1 UNDERSTAND) 


feee, THE PUWER-SAW HAS A CHAIN) 

(THe ABOVE SENTENCE IS AMBIGUUUS #* BUT IT ASSUME (HAS) MEANS (HAS AS PARTS)) 
{402840 IS & POWER-SAw) 

(1 UNDERSTAND) 

(eee, JOHN OWNS A CHAIN) 


(1 UNDERSTAND) 
(eee, DICK HAS A CHAIN) 
(THe ABOVE SENTENCE IS AMBIGUOUS #@ BUT [ ASSUME (HAS) MEANS {UWNS)} 


CL UNDERSTAND) 


(ene, THE CUCKOU-CLUCK HAS A CHAIN) 


(THe ABOVE SENTENCE IS AMBIGUOUS #* PLEASE RE-PHRASE IT) 


FIGURE 6 (Cont.) 


{aee, JOHN 1S 


{I UNDERSTAND) 


(ewe, JOHN 15S 


(f UNDERSTAND) 


(een, JUHN IS 


(1 UNDERSTAND) 


(eee, JOHN 1S 


(T UNDERSTAND) 


(eee, JOHN IS 


(1 UNDERSTAND) 


feae, EVERY BUY 


(CE UNDERSTAND) 


c. STREAMLINING LINKAGES 


PERSON) 


TECH-MAN} 


soy) 


STUOENT) 


BRIGHT—PERSON) 


IS A PERSON) 


(ees, EVERY TECH-MAN [S & PERSUN) 


CE UNDERSTAND) 


(eae, EVERY TECH-MAN IS A BRIGHT~PERSUN) 


{1 UNDERSTAND) 


(eee, EVERY TECH-MAN IS A STUDENT) 


{i UNDERSTAND) 


(eee, EVERY BRIGHT-PERSON IS A PERSON) 


{1 UNDERSTAND) 


(eee, EVERY STUDENT IS A BRIGHT-PERSON) 


CE UNDERSTAND) 


(eee, EVERY STUDENT IS A PERSON) 


(1 UNOERSTAND) 


END OF EVALQUOTE, VALUE IS oe 
(NO MORE INPUT SENTENCES} 


FUNCTION EVALQUOTE HAS BEEN ENTERED, ARGUMENTS.~.~ 


STREAMLINE 
( JOHN} 


FORGET 
FORGET 
FORGET 
FORGET 
FORGET 


i 
( 
( 
( 
( 
(1 FORGET 


THE 
THE 
THE 
THE 
THE 
THE 


MEMBER-ELEMENTS RELATIONS BETWEEN PERSON AND JOHN) 
MEMBER-ELEMENTS RELATIONS BETWEEN STUDENT AND JOHN) 
MEMBER-ELEMENTS RELATIONS BETWEEN BRIGHT-PERSUN AND JUHN) 
SET-INCLUSION RELATION BETWEEN PERSON AND TECH-MAN) 
SET-INCLUSION RELATION BETWEEN BRIGHT~PERSON AND TECH-MAN) 
SET-INCLUSION RELATION BETWEEN PERSON AND STUDENT) 


END OF EVALQUOTE, VALUE IS a 


NIL 


FIGURE 6 (Cont.) 
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require it to identify those thatances: in which specific | informacion 
and general ‘information differ; he program ‘could then express its 

ae Deke: i ae eae iaee e DS ; 
amusement at such paradoxes. 


b) Resolving ambiguities: The criteria aad: byt che scoaran to 
decide whether "has," in the eocuat t+ has y" ‘should be interpreted 
"has as parts" or "owns" are the following: | al eae oe 

1) Let P be the proposition. Neither y ie known to be part of 


eye gE 


something, or y “is an element of some set : whose elements are known 
to be parts of something." | fe Se erence 
2) ‘Let. N be the proposition, Neither x is been | to ‘be owned by 
something, ‘or y is an “element of some ‘get wficse slesente’ are acu 
to be owned by something." | | 
3) If PAN; assume thas moans: ties as partesl? 
If “PAN, assume "has" means "owns. mo 
If “PAWN, pive up and aa for -re-phrasing. 
4) ‘Let P' be the syopdsitica,. : . | 
(3u)[[[y is known to be part of ulV Ly is an | element of ete 
set whose elements are known to be parts of the elements ‘of aA. 
(Bw) [lu Ew\VuCwlA x € wVxC 911 ——_ 


5). et N' be the proposition, 


ee 


“(Qu ttty 4 is known to be owned by wlV ix 4s an | element of eae 
set whose elements are enoun to be owned by che elements of EA - 
CH (te WV oCwl, ix€ WV Cw) 11+ | a 

6) “Te BAAN’, assume "has" ‘meens Shwe as parts," 
. “Te wP'AN', assume "has"! gee ‘omnes! > 


Otherwise, give up and ask fe vesahea cine 
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are criteria are Semple: yet they are susttcicnr to enable the 


Sock @ itp ade ee 3 BeONE PRLS tovwibatsis ua gd: P24 


pet 


fesoy blu ib ae 


PROerens| to make quite penjankble dec tutous mbeut. fhe: intended PUR .., 


pose in various sentences of the ambiguous word "has." OE, course, 


S9RObBEoo mus Os Sel eb 


the program can be footed ante evar ameerie ee 2B? in case. ; Phe 
Late 


g Sas 
PES Fae se sehen Fy aes 


sentence, "Dick has a chain," had been presented before the, sentence 


re ecpep ei! a wore : wf! w VBE Muy We Sida” CNSR Oa Siok 


"John owns a chain," in the above cSt arogue;s hoyever, a human being 


exposed toa new word in a similar situation would make a _Sintlar, 


we. as a ea "Suet hy ie LAR ait 


error. The point here is ‘that it is feasible to automatically, 
Wola Vg 270 game te caeder foe ummac Fs torcume tis HR € apne ig eee 
resolve ambiguities in sentence meaning by merert ing to the descrip- 


abr yarmoy iq OU 


tions of the words in the sentence -- descriptions. which can Autos 


4 
"a Sbtlgec: 3G ned id erat & Bae 


matically be created through 5 proper - prior Eel ie mea to unambiguous 


CWOSTd 2 tat (aids 
sentences. " . - 
c) Streamlining Jinkages: | All quertion-anawering, (model 
a a mMwyek sb 


searching) functions which involve veterences to set- -Ancluston or 


add S See Ph ae E 


set-membership relations must "know" sabaut da ‘Paste properties of 


those relations, fees? those finetione must have built into them the 
acres to apply creonene ake 


age sae oo ery et 
4 , paket ae wy a. Pat DS Tre 


«CVA yC2oaCe and 
agxaxCysaby. ; 


otherwise the functions would not be able to mee full use of the 
mbodioanaray Olt oc 


usually ifaeree intonation aver table in the fatshiee of aspldelt links. 


od mwond af yp jp pie: 

On the other hand, since the functions involved will o aware! of 

these ccheotens: ches eee of questions aig os bp anaepred Ap. = 
reg bw lbs SRL ATS a oe 

independent of the A ian or absence os “explicit links which provide 

the information to the right ee the "2", “provided the fastest én to 


the left of the "3" is avaiiable.. 


Pyke at ESA aay 
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The "STREAMLINE" operation starts with the object x which is its 
argument, and ‘considers all objects "Linked bo x; “directly or Wndirect ly, 
‘through set- -incluston or set-membership.' “All explicit "inké” asong thiese 
objects which can also be. deduced by-une-bf the “above known, ‘theorems are 
deleted. A Lesponse of the form "(1 FORGET THE SET- INCLUSION RELATION 
BETWEEN y AND z)" indicates that whatever links were created by | ‘some 
sentence of a form similar to "(EVERY z “ts A y)" ‘are bathe deleted, 
and the space they occupied is being wade available for other use. 

In the above example, the STREAMLINE operation. deleted more than ie 
half the existing links, at no reduction 1d the waeét loo-angwvertac sha 
power of the system. However, the time required is cbt ie anacers 


to certain questions was significantly increased. 


PPE OSL! F ew ete 
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Chapter VI: Formalization and Generalization of SIR 

The present version of the SIR system not only demonstrates the 
possibility of designing a computer which "understands"; it also points 
the way toward more general, practical systems by providing a useful 
data representation (the model) and by suggesting useful general 
information retrieval mechanisms. 

SIR's abilities were illustrated by Fig. 1 and, in greater detail, 
by the conversaticns of Fig. 5. Unfortunately, the system is quite 
limited in the number of semantic relations it can "understand" and 
in the depth of its apparent understanding of any one relation. More- 
over, the present system has some basic features which make these 
limitations extremely difficult to overcome. 

The purposes of this chapter are to identify those features which 
make SIR difficult to extend; to point out how those difficulties 
arose and how they may be overcome; and to propose a formalism and a 
computer implementation fcr a more general semantic information 
retrieval system which has most of the advantages of SIR but few of 
its limitations. 

The SIR treatment of restricted natural language was discussed at 
length in Chapter IV and is not of concern here. This chapter deals 
only with the action of SIR on relational statements which precisely 


define the desired information storage or retrieval operations. 


A. Properties and Problems of SIR. 
Let us now examine the present structure and mode of operation of 


SIR. In particular, we are interested in learning why SIR cannot be 


extended in simple ways to handle a greater quantity and complexity of 
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information. 

‘(1)’ Program organization: The present’ computer implementation of — 
SIR isdn interdependent collection of specially désigned subprograms. 
Each different information storage ot retrieval opetation is‘ controlled 
by a different subprogram. 

“Such a diffuse program structure has a certain advantage for pro- 
duciig eatly results with a new expetimental® system: SIR wae pri- 
marily developed as an experimental vehivlé through which one may learn 
the best forms of infotmation represetitation atid’ the best storage and 
retrieval pro¢edures. “As an experi{mental’ devide, SIR must be easily ~~ 
amenable to changes in its structure’ and wodes of Operation. The ~~ 
programmer must be able to learn the most uaéful titerpretations of 
relational statements and the most useful responses the system should’ *- 
make. This learning takes place ashe tries; by means cf ail hoc 
changes to the program, different intérprétations and different response 


modes. ‘These program changes are easiest to make if the program’ con- °” 


sists of many separate subprograms without much overall stricture. ~~ 
' As such a system’ grows more complitatéd, each’ change in’a sub-" 


program may affect méte of the other subprograms. The @ttucture «| ~ 
becomes moré awkward and more difficult €6 geheralize’as ifs size ~~ 
increases. Finally, the system may’ betdiie td unwieldy’ for’ further 
experimentat{on. (SIR is presently cloéé to this point of diihishing 
returns.)- ee 

However, by the time this barrier is reached many fruitful résdits™ 


may have beén attained. Ad hoc features may coalesce into general 
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principles. Desirable features may be discovered, and uniform methods 
may emerge for handling problems which originally seemed quite different 
from each other. In‘particular, my experiences in developing SIR to 
its present state have enabled me to specify the more uniform, more 


general, more powerful system proposed in Sections B and C below. 


2) The model: The model is a flexible body of data whose con- 
tent and organization are crucial factors in SIR's learning and question- 
answering abilities. SIR's "knowledge" is derived from two sources: 
facts represented in the model, and procedures embodied in the program. 
Basic procedures in the program provide for automatic revision of 
the model, if necessary, whenever new information is presented to the 
system. No such automatic procedures exist for revising the program 
itself. 

The greater the variety of information which can be stored in 
the model, the more flexible the resulting system is; the more 
specific requirements and restrictions which are built into the pro- 
gram, the more rigid and less general the overall system is. It 
seems desirable, then, to store in the model a great variety of infor- 
mation, including facts about objects, relations, and the operation 
of the program itself. The program would then consist simply of 
storage procedures which would modify the model, and retrieval pro- 
cedures whose actions would be controlled by data in the model. The 
user could then simply "tell" the system how to change its retrieval 


procedures, whenever such changes are desired. 


Such a flexible system, whose program is "driven" by the model, 


is an ultimate objective of this research. Unfortunately, this 
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objective must be approached by successive: appréximations, A model- 
controlled’ system cannot’ be designed ‘at: the- outset forthe following” 
FeasOn8; 


a.» In order to store all the significant, controiling information in 
the model, we must first discover what co the significant. 
information’ in a sement ic 1htbtmation: Bok eiewet opeeea.- After -devel- 
oping any workable program-plus-model system we are in a better 
position te pecoghige® teat y tinport ant” feabbtes an Es iansfero 
control of them to the model. a aS 


- _ 3 = dies Bao tt 
i} Seo cSyb vs Pacid 


b. The value and efficiency of the system depends upon the structure _ 
of the 'medél, and’ the*maiiter ‘iniwhi#H the progéad'afid “dodel interact: © 
One should limit the complexity of the model until the organization | 
of the model aiid of the dverat! syst@m Nave been’ provéd Fddsibles ! 
c, The problem of howto express °Udatral ting intdtmat fon @Hich we °'°** 
wish to add to the model, e.g., how best to describe search and 

deduct ten- procedares j must Ba solved "é1dng BEE the problema of © * 
representing and utilizing that information once it_is in the model. 


Formatiama Sor describing such contréf*préceddtes Gre ddstér to’ *' 
devise after some experience has been gained in the use of similar | 
procedures. this expéridnde; f84eden? 1 aldy°€S*adyefop through ??* 
Inraneet fon aves tevat epABOM Tee Cones PAB NEEIR (UE, 

Ip SER ithe mode! eétisfsts only of dedcript idiie df objeéta“and 
of classes. The number, kind, and intetprétatton ‘Gf the désdriptots ~~ 
(attributes) in the model is determined By thd progtadt: ftvé “information 
about how-the meanthgs of corraiz ett tbuted “ave ‘réfatéd ‘to°each other ” 
ig incotpoteted “in ‘tive “subprogradis ‘Wife itdelit i fy ‘thdge “dtertbutes ; ” 
rather than in the model. Hefigad oA .inomSstedG Meigs twit § 

Although ‘SIR ‘is “approaching tts Mbit in dsefutiess;“experfence*' 7 
with the system Hes Brought tie €0 tive podnt Where TE “cat Gohfidently) © 
propose an improved, generabized ‘eyetem’ thé “syitem phipdsed iW 
sections B and ¢ below keeps the ‘now proven déscriptfonTist organiza- 
tion for the todel; it increases the Varitty uf data tobe stored =~ 


in the tiodel; it trarneferé ‘some of the ‘informartin wbout tHe attributes © 
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from.the program to the model; and. it provides: the. user with.a simplin;. 
fied. method for experimenting with the.deductive. procedures, of, the: 2a. 


system. 


quest 1on- answering ‘behavior. bas. heen, ‘achieved. end “how, it. can be! 
rom oandt oan oe pe 
improved, I must first introduce some aotation. As descr ibed in 


Section SII; Ds 3p. each. relation in ‘the: ‘SER gyaten, ee a 5 dyadic. relation es 
and henen: is. represented. in. the. ‘podel. by tve.. “atkripyte. links. 
Table a, aives the .correspondence.. ‘between. relation. ames and attrdn: 


bute names, and a. typical English, ‘ingerpretaian, for. "e408. relation, is ae 


' 


Note that I use. the. ‘familiar infixes ,""c Neon 1 pnd rig for et-inelusion.. e 
and set-membership, respectively, although funet ional. notation, 2 i. vb 
Lege, "equiv( x;y] »" is ‘used for ali “other “Salations.. lacy the: nee 
usual symbols of mathematical logic, which are defined in Appendix I, 
will be.uged below when convenient. 

A relation "holds" for specified arguments; j.¢-,,a relation. - 
with specified .arguments (called.a predicate) ia ."true,'! if and only... 
if any reasonable English interpretation,.gqf the xeletional..statement | 
is a true English statement. An English interpretatijon.should be 
considered "reasonable" only if the natural-languege processing part 
of the system would translate it into the given relational statement .— 
A relation with specified objects as, arguments claarly.is.true if the... 
objects, are linked in the model..by the. attributes which correspond.to - »: 
the relation. However, frequently such a.predicate is "true" even: ... 


when, its. arguments.are pot. directly linked, In auch.casees the truth. 


Relation Attribute on Attribute on Typical English’: = 
_ property-list = propertyslist = interpretation 
“oF x > - Sauee "ot hys SCRA Leas Oe ac rR : pee ae 


ed cs Ce 

x éy' Pes, tinting MBE) oath a? Cat iy . “Ke eer Sie oe Ge aye we 

édaselxsy!  RQury’ etry oy endl name the wate 
q A ° : Ms 


owng(x;y]  OWNED-BY-EACH _POSSESS-BY-EACH  Eyery y owns an x. 


own[x;sy] OWNED  . —- POSSESS. = sy. Owns an x. 


ie 


parte[xiy] SUPERPART-OF-EACH . SUBPART-OF-FACH, . An x is part of a X:, 


part(x;y]  SUPERPART. SUBPART. . .. , An,x 18 part of y. 


right[x;y]) LEFT . | _—_- RIGHT. The x is to the right 


of the y. 
jrightlxiy) LEFT | gprent’ 9 thé xX ds Just to the 
ie a. iho TH  Fispe. of the. y- FR 


Table a: RELATIONAL NOTATION 


‘eat AL A ots ; we heb Sg ToL ga daete ceeepan’ Gadhia coed Ul ace | 
of the predicate can be determined indirectly from other information 


available in the model or in the program. 


° 


Pew Paste 


SIR contains a separate subprogram for determining "truth" for. 


answering "yes-or-no" questions. For example, the answer, to the 
question, "is the chair to the right of the table?" would be found by 
a subprogram called "rightq" which deals with the truth of the "right" 


relation. "Chair" and "table" would be the inputs to the "rightq" 
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program, which would then search the model and make an appropriate 


response... oe os 


CT anes 


truth of felations ha ad to ee a inde anaes a relatipa, . 


Gay ei ; Pwo 
serve as the basis for a simpler. i ‘nore: * unified program otfucturé. i 


Indeed, such® common “featurés’ have been" fo ind. and they a are expisieta’” 


4s te 


in the general system to be described ‘Go Sections” a pind ‘C Cc below: 

“the firée step ‘in trying to simplify the truth-test lig procedures’ * 
is to express. Fhe pracedures in such, ,@, way that their, poperat ions , gan... 
easily be Séupar ed! aid understood. In practice each of the truth- 
testing subprograms operates by searching the model, looking for 
certain combinations of attribute Links.” Hawever® ' since the existence 
of an attribute link implies the truth of a corresponding predicate, 
we may consider the subprogram as deducing the truth of a predicate 


from one ace ree certain orner predicates are e true. Such a. 


BOOP OP Dee SF S$ ao fit hs og Ta sy ee eee Os es. 


pesenatees are oecuiently expressible in the sirer order predicate 
- TS £2 OG sel ah 4 Ft 


calculus (the "quantificational calculus"). 


go? ‘itgudU aitioiagycdyn 3.9 @y31e89otgiuge Sgeukaee e uta iaog, Ale 
Frequently the truth of a predicate'depends upon the fact that 

Mod VEG Leyoe. Gl teGiguagded GOT yu, seedy o.ometaye ada ui gyideiet dons 
the relation involved has a special property, e.g., transitivity. 


These properties “Of ‘relations: may conveniently be describad by "aefini= 


abr doe. bbucew “Safesdg sit go ddgig edd ag treads ofa ei o«gisseup 
tion" statements in which a bound variable stands for the name of some 


unspecified relation. — “These pacencasans siabiy 8 bbreviations. ‘which 


Yhew fa be 
eeretees 2a dsian 


be mit 
gee co od 5 ee Ve idad Gris 
i ee of Bal of fh i 
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will ge ned ea eaey TURee ERC RE Loen celoulda syatemente when The 
bound variables are replaced by pareiouler relation nme. | 

The properties defined below are useful -for deserting ome of the: 
SIR: pelevions: ee 

Symmetry: af (P) sdf Cox) (oy) [Plxsy] > Plysxl] i 

Reflexivity: R(P) =df (wx)fLP[x;x]1]: 

Transitivity: (P) =df Cex) OA 9) OWE) PLasy] A Plys2] = P{x;2]] 

The following logical sentences hold throughout SIR and represent 
basic properties of the "equiv" relation: : . 

Co P): Cw) Coly) Oe a) Bixsyl a equivi x5a]. o.P{ 3 y)] hp 

CYP) OV x) OW y) CW 2) IPs y] A aquintysal =. Bx; 21] 

Table b. lists gatians Calculne abakanentn corresponding to the 
deduction procedureg. eenea lis eRe: din ccdlouati ubprograms for truth- . 
testing. These statements were obtained by studying the SIR sub- 
programs, and they accuxezely weprenent She cpagation of those sub- 
programs except forthe be dural ee P46 


a. All quantstieus: range, ee acconil she. finite’ nivarss of objects, 
classes, and relations repr nmenr es in the model, 


b. Each subprogram cone atne built~in pechitpiong for searching ‘the 
model in the course af trying te apply ane of the deduction procedures, 
The linkage stryuctuge of .ghe model eliows -ghe pepgrems to make direct, 
exhaust ive “oechn ae just. ‘the mmhavant part tons of the model. 


c. When alternative ‘deduetion proceduran are available for testing a 
predicate, each subprogram specifies the order in which the procedures 
should be attempted. As is illustrated by the “Exception Principle" 
(Section V.Bebky: the uae of ait ermie tehuet ies parcedures may result 
in different answers to a question. This means that, from a purely 
predicate-calculus point of view, the deduction procedures. Soeetner. 
with the ‘information stosed in the model may: form : : ei 
system. Therefore the order in which deduction ‘procedures are ‘aed the 
influences the answers obtained. In the present form of SIR the 
ordering rule has been that those procedures dealing with indirect 
links are to be used only if no answer can be obtained by using those 
procedures dealing with more direct links. 


100: 


d. Each subprogram is independent and contains gompleté pregrame for: 
its deduction procedures. Since some of the deduction procedures in 
different subprograms are similas:, acme .prognen mpegments cappdar buco 
several times in the SIR system. For example, programs which test 
whether « particular :dless-inclusion-relatiokr bdlidé appear vin-mest of 
the truth-testing subprograms. This program redundancy results from 
the independent subprogram organization of SIR and should she ireneved! « 
in a more uniform system. ; 


i ae: oe aes oy 
a er ay re eeaane Ae co | sehen oo aici thee “item Soa cab aig. Loot 
* 5S 


own ©: 
partg 


part 


right, jright 


tebte bs 


SES 


x ides oe 
= Univerear- ‘quent ification ‘over: ett ates vartebies: ereneunted 


“DEDUCTION: + PROCEDARES IN SR SUBRROCRINS 3 


- partelesylAeCy appertal argh oc 


ys partat es WIA Ber > icalel alee Siete: ae 


fr tgivela; yRRonbe 
| Jeighed x7] Aaey 


x=y > xCy 
equivix;y} > xCy 0g 


CEX AKC Y D> aby > gE GO ec Loveday vitae 


6.,76 J hequiv]: QU dquivl J Paqutv] i °> 


; oe 


woul 5x} iifa Wie wots 
owng[ x; acy owng[ x; a) 


Ownelx prbAatcz =prowigtz; y: ga any 
ownl x; y] A xE-2 > owns; yf be os 


PP oubok 
_owngl xs y1A zty > own[ x; z] 


DTG Sta A FHSsP A A assed wath De 


~ eceel x3x] 


part[x; yA *C8 Sxparefz py} 36 
Garcia yl) partale: x) > pertl si yl 


@gukzets 
right[xiyl=>~rightl yi] 
SJ [etght} ia: th oneal £3 Meg. yal 
“jeighe(aesy)] = adgheticiy) © sed oc.7 fahewy 
raife heheh oe 
moperigieel ay} 2 
right x; ylA rightlys2]=> ~Jright[ x; z) 


Pogeye doh gsesab avitsrnisiis qodW Pay 
i } OF ‘i BBE GIAG 
Ae Hovaget de. oa ba uodEe 
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thus fer I a been discussing Onky.thoat progt ate whbol’:saewed’ 
‘'yaa-or-no" questions. More complex questions,.snoh se:"Where .éevthe . 
table?" and “How: many fingers dees Jéhn: haved’ , vequife different : 
questionsaiswering. procedurds. “SIR ¢otifGind: an additional subpfogras. 
fot each-of thse complen question fevasi::oTheed: subprograms will be: .. 
discudsed Further: in Pategraph 6.3: Delowe 22. s6) |. 

Shs a od 

Bs Formeaiism fora General System: ©) i> 

‘Given G suisable fotdal vyetem, @ sepacate: sruths testing. subprogram 
fot each relatiot in. the:SER system wold ‘notte necessdty,: . Instead, : 
a single "proofsprocedute':progedm Gould serve: forcanswetifgiali. 
Nyes-orsnd" quéstiogss © 8 moses a se a) sao. telsx or. : 

The deduction procedures: of: Table. by: could baiaged: as ches axioms: : 
of such a formal syétems However  thé:squdy of: thdseaxione! has. 3. 
Suggestdd ah alitecnative: system: whith: dsmode toncdbes: more: intude ivety 
meaningful, and easier to extehd« tolneg welesdonsg:: This algernetive.. 


formalsystem isithe subject bi ehds seetdoas. 1625: 


1) Intetagtdong, Two relations "interact" if;:dnodtder ¢o beet: . 


the ¢rvath of a predicate involvdhg: one: e€ithe: deletions, it is necetsary 

‘first ve edst the trath-of somd! predécarecdwyoiviig abe. others). Whene. 

ever e286 or frore relations: appedfjin the seme déduetioteprocedure.: - 

Statembat in: Teblée: ba, we nay say that. chose xr@latioue interacts 
Intéractdotis hay. be clebsified: thformelly as: follows: =). 

a. Interactions beeweeh the € or: relation end: some other: relation... 

bis Theétectioné: beedeen relations. whowe: meanings ate wimilar th: each: 


other. (This "similarity" will be defined more’ precisely in Section 2 
below.) 
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c. Interactions which arise principally because of some peculiarity 


of ionecofthe-retationg involved. sviasuse’: sege aun Toast en 
d. ‘Other :interacti‘ons.. «20 6 60 esiamag oopebt ol aantsesen 
Interactions aresof. interest: ‘because they-creeterthei biggest: s: 


obstacle:to generalizing: the: SIR. system. . «Whehever: a: new, vedetion is. ;: 
added to::'the. system,:the:progremmer must: identify ieil.the-relations..: 
in the system which interact with he. pewcredetion;: and: imedify. the... 
system to allow for the interactions. With the present system, this 
means modifying each of the quest ionranswer ing: subprograme: ageacsated: 
with: the: interacting: relations. Thiesfermideble: risdngr emia’ task 
accounts’ for the: fact that the! deduetion: sehemes:in;) the. present... >. 
version: of :SIR-decnot: aliow:for'adl thesdnguitivedyoaeceseexy inter: . 
actions between relations in the system. For exampde; if,;SIR-is. --.‘ 
toid:that:dn x: ib: part: of every y  aedT thet zsiovnscacys: it. cannot: 
deduce: ithatozxowns:anixi« To: perfidrm, thiewand sdmiier deductions: + *- 
-$IR: would: have:to-’know! about :additdonai:ingesections: among the: ..:- 
relations: past; : partgs: owns | owngsn€jjahdeGs 0: cctesn, ben fete som 
Almost all the interactdons:aceounted for! in: the: present..system: end 
in the deduction procedures of Table b. are of type "a," "b," or "c," 
according tothe: above classificationi sehemegwl.e,s:they: invelve, the 
vt gelations.<€ or C,: relations:‘whose:meanings: are similar;,or relatiens..'. 
with individaal: pecgliar: properties, 1 Theo formad isystemito:be described 
below will: eliminate the need for expliedgl yzconsidering..qny- interestions 
of these: three types;: ' Once: ai new: Felationsdg: properdyideseribed.. 
according to sdmple, imtuitive:rples)sepyztype "ale bs -orle! i 
interact ions: between:it!,aod.other..ré}etions.iwild: assometically: be: 


ateounted: for by the eamieie wi bimerss ‘although: other: Ceype: eabtie lastarii 


foe 7 ad f ¢ 
eae ie aoe . if iw ‘ydivei tei < 
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actions may still exist, they will be éasy to describe and modify. 
For example, a single simple statement willbe aufficient to make 
the system "aware" of the interaction between PArtrwhols and owner- 


ship relations illustrated in the previous paragraph: 


2) SIR 


Reese system called “pret” to be ‘iépedea'' ‘here wit: tonsist df: 
definitions of certain terms, including totna hich: decor ibe etrings 


of symbols; — a standard interpretation for the ‘aymbols; | and “a 


logical method for determining whether certain. serings eatled 


“sentences” of SIRI are nerue.""" ‘The’ stentticence of the: ‘system is. 
that all "yes-or-no" questions whith ‘can be andveréd'by BIR, and a : 
great many which cannot, are expreadible 4s sentencés in SIRI;‘i‘e., 


the ‘standard interpretation of a formal. sentence 4, its _forzeeponding 


English question. Further, 1€ a sentence As, Wenge a STR, ‘then the 
anawer to its Secepvontlne caaer teats Hye. “these potate etiL be 
illustrated by examples below. A computer implementaticn of SIR1 
will be discussed in Section C of this chapter. 
a. Definitions: 

basic object «df any object which is déacribedin the model and 
which has the following property: No object described in thé inddel 
may be related to a basic object by being a member or a subset of it. 


basic relation =df a symbol which names a relation whose . aT gue 
ments must all be basic objects. 


variable =df 4 symbol used ih place of the fame Of-edme unspeci- 
fied. object. described in the model. The at andard interpretation of 
the name of an object is, of course, the object ttself. 


basic predicate =df a basic relation writtet 48 a function of the 
names of basic objects or of variables which stand. for the names of 
basic objects. The standard interpretation of a predicate is that the - 
specified relation holds between the specified objects. 


ee oss Taras 
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itjay. sdf, either of she: symbole "(xl yg6¥9) oF." Gge¥9) »" 


where v = any variable and v, is any variable, any object nam 


the, ay .Aymbol. "which, stands. £98 3 del. “5 gehese €rquantifiers 


are related in the first-order predi cate calculus as follows: 


qy Wotmtalall dé (adi idéx SRlaT} > 
(Jo€x)(Rla] ] mdf. CGEM (OES ABIGL] 0 orev gee) oes ant 


where (‘Wa@€M) and (aq€M) are the usual universal and existential 
quantifiers of mathematical logic, respectively, except for an explicit 
praia LE wero LL EL h arb over Ree eee ottete oupguerts ofsopseres © 
descri it usually 
contajns .at_ least one occurr ence. 9f., ghe. symkol-@,, among its, arguments . 


s Ay Sqauepesstgatsan. of 8 ¢ ahr Ene. 8 isthe string. -@8]... where, ;. 
is any €-quantifier. The ‘first var ble in Q is then called bound 


by the €rquantifigation.of .S.for all. its occurrences. in Q, apd, in.S. 7An.S5, 
including peda as the eee Era tp te be Breas €-quantifiers. 


heparan tet buys 


A linkepredicate is detined recursively as follows: "(°°)" 
1).. A basic pyedicate, 1g: 4,. nae ont SBbGs" ove fate te “ream feet 
ii) The strings 'VEV and’ "vy “Vo »" where vy and Vo are any object- 
nameg..or variables, are. Lak predifates,... A ‘og da 
iii) An €-quantification of a iink-pre leate "is a dink ouedicate:” 
Linkrpredisates may .be.used to represent. most jof che .relationg which 
aré represented by attribute links in the present version of SIR. 


ue 


A Gall formed-touala ‘Gute Ss ‘ aetiaed  pecuta ively: @. an e follows: 


oof linkrpradiogfe ds. wif. 0. 2 4) jisdasyy juuup deiigca 
iD Any propositional funct ion of wff's is a wtf. ; 
iii) Any G-quantifigation.of g wht. tga Wife ou sus eli oo} tuwers 


-An occurrence of a_yariable jin a wff., isc aited. free. if the.....;. 
tific 


occurrence is not bound by an -quene ation of some sseelag coarse: 
ing that occurrence. 


peas @ivtd to G @oirpedc os beesunaeib a: iiie 


A sentence =df a wff which contains no free variables, .; ;. 


AR gbje siaPke sek ab a.wff. which. Jtaaredperseagsly.ane.§ trae 
veriahle. Aire ‘ aoe 


See ae 
twa b: 


b. Logical system: 
, The a Sxdoms, gf SIR]. are sentences. :waaeh jyaders gtandard. interpreta- 


tion, describe. ‘properties of. individual 1 basic ‘relationg, and apecity. 


pen se infer age sena. between, bagic.. POR AEAORSs ein BS 


HORSES) As ay OLR be pee Tee rae Pg 


a A a Le a 
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3 Atty séhtencd ff SYRE edi Be PransPUrddd tard -#Wetttedee iin ed!’ : 
seatidavd #irdesdtded prediduce datdatud’Pehd “quanti ftcat tondi cateetus") 
BY pulLAe each E2gcanetlid? ined 12d "GM Lora Dy dee of the” 
equatidhs (1); andothan’ omtee ins edd re” “hi Potte* dedad aeauetion 


“‘prodddutée of the QdattLeicatidaue eaicius ata ‘déeeptabte deage-!*'” 


tion ptdcédares id Birt!) Theréfdte, ahy thddred' provabta® ctdd’ str 
exiotie En thé quanticivadionai cotddte® ie ated b biedyem et! stars) >- 
i.e., it is a "true" sahtende sf S2HTy ptoviadd! Hee avec inserted’: 
ints a11 qaattitietes tégetdiéds: bt tHe’ dtate Be" “the ‘artene: Londen 7 
ii Ih other. words 5 SIRL is ted ie ianalek a 
This reducibility provides” aa” 4th Met hoae: eu” ‘Hamel'y’ the hibbouw: i 


quantificational calculus, such 8° pedi tee bevtvatioa ° 


+ £ to the quantificational petcultas 


BR £O ctok pore Vises 


Cnitibutal Deduet 26h") -0° fot’ provihg wethe? sehtwheee® df! StRI” tee 


_ However, | we peed. different, more aides mectvae for “eontin 
re “sie iy Sys BE Le 


rn 


: che titty ot” Stet wpe whith’  aefpene bit the were ‘ete exlithe: 


siadw , | 


testing methods wilist’ He ig cate uf chi toniputeny” for “thy isbhie 
stitute the basic: Glib Line anise stig? B: Mean it the’ shiver ized” 
semantic information retrieval system.” > HoWever }’ “the Shh M1 first 


wy 


that ‘a ‘acthoteir iirieeie exten Es oe wae 


po oydase 


arate ee 8 OG 


sentences with respect to particular STR? ietet. | Adore etfte tent,” 
heuristic approach will be described in patagreph C.2 below. 

The SIR1 thodel is quite similar to the BY MOMEL 2 Le cotetets of 
a finite timber Uf Object Hdties, ead of wh iD by a 
finite risk of artribucevatie patra! ath weerttd addy mete Jd 


> SYect“preditedte Wrich “ts true UE tHe eee ead defede, oF ie Wey Be 


a link which relates the described object to another object. This 
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lattes abject .is.named in the,velue cormeaponding fo the.given attri- 
(‘anbubes. Ea Section G.I shall deacrihe, the nature,of, SIR] attributes. 


more precisedy..,.For-present,gurpgsea At 48, ee Raye. i” 


, AeSER1 sentence, ig..considered nexyer ££ the, sentence. can be. auld 
deduced: fromthe. §7R1 axioms. and, the. information, in. the STB1 model... 


A decision: procedure for, this.dedyesion followas so. 0 yoy. 

i) . Ber gach attribute in. the model, write, the SIRI, sentence, yntch.; 

expresses the same thing. 

ii) Terk A = ‘the conluncelon of all the: sentences: rand” in’ at) and of 

SR ee iat Se Consider, the sentence... ..- aes pha ty as 
2 A 

where S. 18. the. sentence, being. tested. HGue .ecaiuoelso farsi st. i 


a ;Put, all €-quantifiers, in, (2). into. the j'€M'' form, by waging equations 
1 


Y237 Pig bye: 


“hy Let 0., © pes ais 0 3, hen names ot the objects. described “inthe 


model, | oie $9,400, by, seer string of. 


the form ean ities ; wee v is any vari an presicate 

possibly depending, on v4, 3 SOE -inj.he “eapduastion. baat 
RLo,]ARLO,]A+-«ARLo 

ree bY: replacing, efch, string: . the: form, Gvem{ Rly] ]. with, phe, disr., 

unction 


Bl Oy IN Rho) V +e -NRF 0] lee... lave dudet goddess: Sener tey 


eas si ww thats « 


. v).-, - Test, the, resulting. expression, by. rocedure fo 
propositional calculus, e. “Bes by tethteabie seston pee "S is t hss rue 


with meepect -to, the, model, and, the ise tpreaton ding, to, 8 sho ous 


be answered "YES," if and only if ‘ais er on is a theorem 
of the propositional cakeulugers 5.574 aq of Pu9qaay Filw suomednae 


Prise 


ed So dqstae se 
» Examples, and commentas -! 1gitmie atbup 2k lob 
. 1); Qbjectopredinates:.. As. defined. abave,,. Snes: is. 
a SIRI wit which contains exactly one txpe variable... Lf, that free, 
ver lable ;is, replaced. by,.an objectrname,, the objegtrpredicate becomes a 


BUG eRe? TP yer rae Peta Ge Sy OE ee cp ge ay etn! SQd2) de Mans iboats i ewer 
eeVio onl sy Gerinys at dturda badivoesh ant zsteieoy doide drif e 
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SIRI sentence. The dara send datit rats of an sa ahaa bel wh a 


applied to an shiect in the SIRL mode} is that the sentence obtained 1 by 


replacing the | free variable in fhe Predicate Ange the object-name is a 
true sentence. This resdteihg’ Henke aby PHA be used as an addi- 
tional axiom in any SIR1 logical’ deduct tot’ ptocedure. 
Object-predicates may be placed oh thé’ prbperty-list of any ==" 
object in the SIR] model. “Their pukpddés” are to describe those“ %' 
properties of the object’ which cannot” eabily be“expressed,! in’ teins: ” 
of Link-predicates, ss specifit adebevatiols with other objects.“ 


ii) Basic relations: The "¢€" relation occupies a special place 


in SIR] because of its donnection with’ quantifiets, and is treated 


in the formalism as if it were 4 basic’ relation. The identity 


aT’ 
AAS 


relation "=" is also treated a8 a i eet a relation because identity is. 
a Ske Qo Aa 


a useful feature to have in a logical ype based on the quantifica: | 


ND 
tional calculus. The SIR relation"equiv" was simply an equivalence 
relation used to identify when different opJeck naaee reterrey. ee Rains 
same object. In SIRI it, is payee terest fe. subsume the AUREE LOR aan 
"equiv" under the "=" sign; i.e., the forpal. statement "xey" is” 
considered to be true if either x and y are the same symbol, or ae 
if “equiv[x;y]" is a true predicate, in the, SIR model. ae 
The predicetes, in Table c shov the baste relations and the 
cbjept predicete needed by SiR in order to dea} with all the rele _ 
tions deere’ by SIR pPgcana -_— | | 


1ii) Connectio 


:: Tablet, 
lists a SIR] expression which should be used in place of each SIR 


predicate. Corresponding expressions have exactly the same inter~ 


pretations; the SIRI statements are more complicated, but they utilize 
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GGG rh ar auGidice ati Ta ebitey@ oafit .auccadre: £472 
Predicate , Standard: Taterpretation 


Pe edd ni goatdo sa ot trobiagda 


ey a Peart. x ie a eeear ae the set x: 


enecpacu dials aiid te att ook Ss 


x=y = Ss" Bither x and’ y are ‘identical. or Shey are two 
iH names, £0 x, the. same, object... wid? 2rpeest geet ard 
ownb[x; y] 3 iB 48, OWNED, DY Yer. g: "Ala ce ar wages 
partb[x;y] ie taci-ssrd&e 48, part of Btssiq sd yer Begacioguce wes a 
rightb[x;y]. en , & ig. £0, the, Paghe; of-¥ GZ iano LATS og oi 
jrighth(xsy]_ ‘ds jupt tothe. réght of. 5 00 yi 0 cast yusots 


single[x]. . Pubes, - quiemaeyaet gb82to 


Clatarpretstioes exactly one —— ) 


ny 


Ge kf wae Rey Oreo: aes ae pl sat fol gaioy gh isd 


HESS he Aber _Table. $4: .» BASIC. RELATIONS. OF SIRL, .. phage UES 


eoeeoeveven oe » T4Hgis =e -aeeve.ep e 2 ice so bead 29:94 a "AL HS ie iad oppo ee en? a ae &-9 9-9 . 2¢ ¢ Le ad 


-~ 


esis Bateets obi. ar To mobuniu 


SIR Predicate See a “str ‘Rxpress on 


ti Sven O8 Gtk gl ootetat ob 


~poltigerounm so1lt ome hesad muggeve ieaiyol s 
xcy (SJaéx) [aey) 
POUCEGYAbi te ‘Giver 460 “uanpeleutdalay TTS ofl caveat: 
xey xéy 
equivix;y] O24 


owngixiyl° °°” “CBD Goes) Lowmbta811 


own[x;y] ee Se “@aex)Lownblasy) ~ 


partg(x;sy])) ” (bey) Gaex) [partbia; Bl" 


rf SuUET B aL ive 


part [x;y] a atoll” kes col 
hte Ges) ney) righebla ela singlet] singity 


jrighttx;sy] Ss Gaex) pegs Licightblaip)]i wei taglets) Asingtety) 


sametTsotq Sid vd 23 


Table e,: 2 GTR) PREDICATRS /EMPRESSRDOYN>STRA np tsk 


fun Gao see oe oa: eas mad bipoite dabidw soreseuqes Ghiv ua #akld 


rads 


Sah iene 


Oi! 
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Sivas: ai 
fewer basic symbols and they Bhow fee Loatbaloetcvetare, then thedr) ». 
SIR counterparts. 5h5 domme 26 2 q 
> (ay 


Sea eee ete hy 
The SIR1 link-predicate pect amir aS to "partg[x;y]" in aie Cy 


sovixelist ei F 


has the interpretation, "Some x is part of evphy, y}1'] (Mithevgh. thas;ds 


the interpretation used in most SIR quest ion~ansyering! subpregrem§ss: «© 
j faro}d Gop) (238 Ww) (Max) dh= CPM 

"partg[x;y]" might equally well be interpreted, "Every x is part of some 
revidianex3 st 3 


y»" in which cape, theiIAl:.1 tnk- prado pee) {Ww perh( IPE jpart bios Bid) 


should be used. Arcually the interpretation of "gaptelx;yi4'; suagest ed 
(liv oo Phe eekG Ai ors Jie €eghood tc %7 = [vx 19] ee) (Mane) the (OSS 
in Table aes "An x is part of a y," is ambiguous. This ambiguity 
egonesase (ATG visaibio yd Boeesigxs oJ illw esitrsgorg seedy jaiis sobtun 
occurs because the natural-language input system in the present version 
2HOfg6lexy GHIL 8 2G emen edi vd Gaveigey ei "4" sidsivev bauod ona coriw 
of SIR cannot discover the finer meanings of "An x is part of a y." 
gece! to fATe svieg od viasesoen amoixe sft Ife to teil a at .b oldeT 
Perhaps the most suitable representation for this latter sentence is 
ni egiubscusq soktsrbab AT2 odd to viilide gniteweds-noijtesup 303 
a conjunction of two SIR1 link-predicetes 
no esisvibstq tosjdo mort beviasb “emoiae’ 9f3 rot 3qeoua wi uidaT 
(W Bey) Gaex)[partb[a;B6]] A (Waex) pey)[ partbla;B)) 
~o1g fuitsubabh ,Jd sidsT af .adesf{do rzstuoisiaq to ateileviisqerg 3s 
The SIR predicate "right[x;y]" was interpreted as "The x is to 


ads ¢f3iw anolaseyeita) tnsesrgot ife cl bow . Al ,if~@ . fi wan eatubss 
the Eight of the x This English sentence implies first that x and 
BMiosogegiiOD .anuidasista® "ses" sqvi ,..8.fb ,anolteior ‘TS" ro oe 


y are each sets cont ‘aining unique elements, and secondly that those 


bouldeb ef “SS! vew saa to seusoed IMT ui bebeoan tor sis amoilxs 
elements bear a -cenrese positional relationship to each other. In 
of Jom .d sidet beau ots ersitiijnaup-3 yaw ads bre (.9 efds'f 332) 


SIR the spacial subprogram "specify" was used to determine the nature 
“de! sayd ..9.b ,2nctisioy ‘uslimie” nmsewied asotjosieini srs ii brs 
of the sets involved, radii the positional information was considered. 
aio baniaebh $18 dots seeds sis snotielev “yslimie .enoitusysynl 
Similarly, the SIR1 expression must be the conjunction of the object- 
360 O25 emoixnse fanoijibba {812 ni octista1 olesd signia a do snie3 
predicates "single[x] " an "ginglely] " to describe the ppectet nature 
enolisiat “velimnte” saowied enoitos win! goods sobjeminini seusoud boboss 
of x and y, and the link-predicate whose interpretation is, Nan x is 
ai .o7 euubesord .astearberge-unif es enoftiniieb atedd ai sioaligqnl 
to the right of ay." Similarly, object-predicates, as well as a Link 
oafodew-Jisq ohesd oot to valvidienex3 sid fo jnsmetese = viiesy et 
predicate, are needed to represent the SIR "jright" relation. 
Jeemoiete 6 yd bsreceds jenwamoe .(noldsstetnt “o" sqvi 6} oeidels: 
iv} Axioms of STR 3 soe useful properties of SIRI relations are 


4ual3siag tusq™ Brrs xeqg' uslimie ef4 nsswied aaisasrsini ont is 
defined as foll Ows: 
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P is symmetric: ; 
of (P)* SAE Cy EM) Ow HEM) TPL x59] 2 PL ype ees 


P_is asymmetric: 
J (R) maf (Co HEM) (WE [Plxsyl>~PLysx]] 


P is reflexive: 
QP) Bde! (ef KEM) [Plas xd] 
P ie setenonreflexivert: > -:. lye Lg 

2) att (Ve) pex) Goes) {7las81) | eas ; 
toy poadercssdgd od Plog vlsagupe pogis: “ayia cattag 

P is er aasil ieee. 

JS (PY dE (ey KEM) Tr YOO Ww LeOT PIs 1 APL yal B(x 52) )- OSS 

Pp ie-wniquely Linked: °° «6 tik 

C(P) — x (ev@0 TPL) 907060 oer) nal xial 1 Aloreep-eta: yl 


ae geve Ipag soeuyoeiealLeae: gay Seuavad Brute 


Notice that these properties with be expressed by ordinary SIR1 sentences 


when t the ‘bound variable npn is repuaced by the name of a sTRl Be lettons: 


eyo is esalresc mkt add yavooei& 
‘Table 4. is a list of all oe axions necessary to Bie SIR! at i leant 
f$$2) 30d cell net asesiqsy aldearo: Be 2 
the sqilescioncanaecine ability of the tay deduce procedures in 
eodec lh tdqeanii I wee Sa eee ie eas 
Table h, except for the "axioms" “derived fron object predicates he 
(ia eas ghify SIRS Pearte dy ah yi} 
the dot ee eb of particular ‘objecto. In Table b, deduction ag 


cedures no. 1 4, 9- 1, 14, and on suis tears interactions with the 


‘ lgat akn'y ; : ae, ers 
"gl « or ae relations, ive. : type ma" interactions. “Corresponding. 
* pty oF : 35 ip. cris ein afi 2 bus 
eettne are not needed in SIR because of the way HG) is defined 
ph T4 1 ay" ices qciiieaog fr 0B am ay 
(see Table c .) and the way y= -quantifiers are ubeds Table be no. 2 
; 2a way yds ETE ES cry THO eq? eb Hee 


and le are “interact ions hermes "similar" relations, | he, type “De 

oe bees a ror rte ko ofarosd tive arbd aan bad .b i dey 
interactions. "Similar" relations are those area a are “defined iy 
tems | of a single basic relation a ‘SIR. Additional axioms are aoe. 

Mh folprade’ bere abelian rte 
needed because Lefont tom: ‘about ON ce i "similar" relations | 
are tmp iett in ‘their definitions, ae Link-predicates. Pak no. 16 
is eenliy a statement of ¢ the transitivity of the Eee 


arate 32 aE MPI BGUGET 


meheeton (a type nol interaction), somewhat obscured by a statement 


Arr Ete 


of the “Interaction between the similar "part" and" parts” "relations 


Bose St AR ot RANE HOSE, CS ERE 


Axioms Discussion 
epitome : ‘ nes see eee amt on eee Bt ig oe 
et os Saari PR WE hd 


Peyote Fact that’ e" de an’ equive lence: relation ‘is 
Q(=) not strictly necessary in the axioms, since it is 
J£(*) built into cites oui AGEN gil hrags 


pont gst! “ Dofudseeuvedes gary cafes work sor | 
Found) en ae 13, Table b. These are "experimental" 
(partb) 2 Kale Lei So whlvede phoiad be drdpped' from the wyaten if 
£60 many eacent Tone. aE OR 


= sO we + aii 


Or party) eB. noe 16) Table bere od es 


ZTectgneo) cf. no. 18, Table be 


Pots OE 


Fright) > bE. nd. 19, Table Be 


Feet S wt pe Meee ap See a os Se? , 
ORE a Le Be, MR ey 7 he ceca es ca 


2A jrightb) «1s 21 and 22, Table bee ewere “needed | because this 
pbs giiis an, 8 ‘property was mkawinks. » Pow ged. gone as SPS ig 


: n 


fe ces Dow mp oben. Sse Mae ¥ ed 
tg ae se SUNE) Se ealp ting phe 


2000 yOOLetphedta eet rigante; y}] ef 
GE. ho 120, Table BL boon Foe re 
Co EH) (7 0 (7 2 [xt b x yl, A a Fight ya] mfr ighedla ell 
O£S MOV 21,° Table d.' BRUT Aware 
“The last two ae represent true type na 
interact ions between + igith’ aE Meo 


(a type "b" interaction). Interactions 21 and 22 of Table b. are of 


type "c," for they are due solely to the peculier property of 


Usa es 


"jright" which is expressed in SIR1 ey “aC <ight). Finally, 
no. 20. vena 23.0f Table.b. are trae: £9Pe: cae paiement and corre®: 


Seoaatag ee ee are “necessary ds SIRL. Pliig i253 


Let me now make this aapcusaisn more precise. The deductive 


: ae of: SIR. an) SIRL- are  bhebe Bapsicet the: qbenetftcational: re 
calculus. The only ditferante between then is is hae the SIR deduction 
procedures, in Table b., are .a description of the operation pringdiptes 
of an existing computer program. SIR1 is a formally developed ayeces 
which may eventually contribute to ete specif &tion for a comseae 
program. If the SIRI system with: its, short. ligt of axioms (Table. &) 
is Srey as effective a bau tigiaadd question-answerer as Hehe 
programs described by the SER, ipronacupae.: in, Table b., cian ‘adding oe 
those procedure rules to sm cannot increase the pewex of Siete 
In other words, SIR1 must Oa couteia, ali the 1 information ete 
able in the mudes of Table b. To prove that this z indeed the 
case, I have shows: that STRI senteiees: corseapepling to vege oe" 
the Tules of table b. are theorems in SIR1. The method used was 
to veduee the SIRL axioms and, [aakeeucse to the adaneificarional 
calculus and then to prove the theorems by Subordinate Proof Deriva- 
tions (Appendix.I). The deteils: are given: im Appendix II. 

v) € -quantifiers: The most obvious difference between SIR1 
and the adank€ledeional calculus is the occurrence in SIRI of 
€-quantifiers. These new symbols serve three functions, the most 


obvious but least important of which is notational conciseness. 


Since the value of any notational device depends upon its 
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understandability, €-quantifiets are valuablé becausé they indicate the 


intended interpretation’ df Strt sentences to-#hé user’ or reader, Finally; 


€-quantifiers are important’ for thé computértinplementat{an of SRL: 
They are indicators which relate the formal system to particular model 


PERE EDP ETOReRnE Se Details of a proposed implementation scheme are 


gi iis B er ee ee ees 


c. implenwnk ston of the Guaerd? Qusttton-Ashuer tng: a/stel eee 

Tes ES Oba 
as sti and yet have the uniformity’ ana gederaltey st tHé Siri ebthatten 
must have the following components: a 


1) a model patterned after the sYR°modei' but containing more complete 


information 4 dn. its lipkages . and. _sontpining a. jarger. class. of.  Wescyibable. 


BPS Eres 


ay5 4 


41) “a theorem=proving' pioptan ‘Which can dete ate whethbe Gertain ” 


assertiong, are. Pe ee the . basis, of, axlome.. pf, BERL, end. current. ,informe-, 


tion in the model. 


iii) a programming “langaage - for’ ‘specifying: SL ouiecatpanigs| ‘prokeduree’ 


which are more complex than truth~tegting,. _ 


OLgorer gins 


In, aggition», fhese components mugt, be ieriaied to, work “togerner, te 


to form 9, compact, sffisient. systems, A. detailed despriptton.of each pf 


these comppnente.. of. the. , Proposed. system will, follow, shortly. 


A, program. to tranplace netural or, restricted Bos}ish inte. formed 


relational teyme,, and, . program fo. annex, new, relations} information to 


the pose] are. also. Recessa ¥, gompon ae of, any, se ntic, guestion~ | 
" aF mec nea Y, Somer 


answering | 8 stem. The. eat er. anne i program 
BY! rfe Hing 


ay 


ail the, basic mechanispe, are, already ayaflable tp SER. English transla- _ 


icy 


A Pemantie Wesinarlon’ rete iasEl® ‘Byatem’ whieh can’ be as effective” 


aQase, cy rded oe Fue exces ‘ re. Mer ey Gt 
GQ Sie Ibh Be pode Rodhksart ae TO: 


| Straight forward and | — 


tion is a linguistic problem whose detailed study is beyond the scope 


of this paper. The trivial format-matching solution (Chapter IV) may be 
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used until something better becomes available. In any case, I shall 
assume the availability of some nechaniem for, accepting new information. . 
in a form convenient to the human user, and then inserting corresponding | 


relational information into the model. _ 


1) The model: As discussed in section A.2 above, one objective of _ 
this research is to find ways of using information stored in the model 
to control the operation.of the, ayatems since, that. tnfprmetion cap. pe. 
modified most easily. Since the operation of any, Eheorem- proving program 
in lcontroljed” by the exigus of she formal qyeren, tnyolved, Fhe axiom... 
for SIR1 should be stored in the model. re eee is : 6 

The SIR model consists of objects apd, associated property-Iista, 
The advantage of this model structure 48"that the program’ using the ° 
model can obtain all. the information about , an age ieee rine how it i 


‘related to other objects, simply by ratetring’ to’ the’ object’ iteelf. 


The SIR1 axioms of Table d. all describe ore properties of SIRI 


basic relations or interactions between’ paete relations thebe 

axioms should be stored, then, on the property-lists of the basic 
relations which they affect. In’ this way the theorem-proving program 
will be able to find relevant axioms by looking at’ the property-lists shin 
of the basic relations it is concerned with, ‘ana’ the’ human asér or 
programmer will be able to modify the axiom set by’ "telling" the system < 
to modify its model, without any reprograiming: being’ necessary. objece-""' 
predicates define additional axioms which ‘apply to particular’ objects. 
Therefore, they should be stored’ on the property-lists of the objects 


involved. 
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In SIR, a telation between objects is répresehted in the model by —~: 
attribute-1ithka On the propétty-liste of thé! objects. Each’ relation’ is” 
uniquely represented by particular attributes. Simple (types “a'™ and’ *b") 
interact ions’ between relations can not’ be’ represéhted inthe model; but 
rathét have to be “knowh” by the program, © 0 

As has been shown, the class of SIR rélations roughly corresponds to’ 
the class Of telations represented in $TRI by Link+ptedicatesi ‘Hach ~~ 
link-predicate, in turn, is defined’ it terms of'a StRi* basic relation. *” 
We inubt’ How decide how to represent Yelational information’ in’ the STR ‘© 

Each baste relation ¢ould be uniquely represented by patetedtar 
attribute’. However, these attributes would not be wakfitdéehr to: “°° 
represent’ ati the facts’ which wéte reptementable th STR. Por’ exmtiple, — 
the sentente "Zvery hand is’ part of & peredn,"” coul@ be’ represented ** 
in STRIby Yocating every object in the’ bysteh which is a member’ dE 
the set “hand; and Linking each of them to’ soe mehbet OF the ‘set °~ 
"person" with ‘thé attributes Corresponding tothe partb basit’ rélation. 
However, it’ is not* ¢lear whith haniis’ should be parts of whith!'persons} 
and the general fact concerhihg hands’ ahd’ petsons would be unavailabte' 
for future dediict ions, e.g, when’ a new ihdividudl "person" is intro“ © 
duced into the model. note ae 

Alternatively, one could represent each possible link-predicate by a 
different attributes. The dibsdviintages of such a scheme would te — 
twofold: Ftrst,” much of the Flexivility itnttoduced by the definition ~ 


and use of ‘Tihk-predicates wotld be Tost, ‘since speci!’ symbols would’ * 


ina model; ‘secondly, the important’ structiire ‘of the 1ink-predicate,”°" 


1106. 

i.e., the basic predicate and €-quantifiers of which it is composed. 
would be undiscoverable except by. means of some table look-up or other... 
decoding procedure. pic 8 

I propose that, corresponding to the attribute-links of SIR, SIRI] .. 
should use descriptions of the link-predicates involved. The attribute . 
on the property-list of an object should itself be a property-list. . 
This subproperty-list would contain special attributes whose values 
were the basic relation involved and the string of. €-quantifiers _. 
which. produce the link-predicate from that basic. relation. An additiona} 
item on the subproperty-list could identify the argument-position of the. 
described object, thus eliminating the need for. more than one symbol, 
(corresponding to the attribute-link symbols of SIR) for each basic . _. 
relation. With this. representation no special symbol assignment or, ... 
other anticipatory action is necessary in, order. to,add new, link- 
predicates to the model. Any, link-predicate. recognized by the input... 
program and based on an available basic relation is. representable. eae) 

The names of object-predicates, should be another kind of. attribute |. 
which may appear on SIR] property-lists. The objectrpredicates should .. 
themselves by SIR1 objects whose property-lists contain their defini- ‘it 
tions as SIR] wff's. In this way object-predicates may, pasily be 


défined or applied to new objects. 


In summary, the basic objects in the SIR] model are the words __,. 


ph wet et tae 


which denote: individuals, classes, basic relations, and object- . 


predicates. A property-list is associated, with each basic object. 


Attributes in the descriptions of individuals and classes are either the. 


names of object-predicates, or themselves property-lists which describe . 
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link-predicates. If lists describing link-preditates, ‘the values 
cteatentias to those attributes give the other objects associated with 
the described object through the describéd link-predicate. ‘The property- 
lists of basic relations contain the axioms which specify properties — 
of the described relations. ‘The property- lists of objett-predicates 
contain the definitions of the object-prédicates in’terms of SIR’ 


wff's. 


2) The Theorem-prover: In paragraph 3.2 ‘above I presented a 
‘decision procedure’ for tésting thé truth of any’ SIRI: sentence with: 
respect to a’ given SIR1 model. Unfortunately; that procedute is imptac- 
tical since it requires the enumeration of évery obyect and every: link 
in the model, and the consideration of evéry ktrowt topical truth in 
the course of each truth-test. ‘Clearly these procedures would in- 
volve an inordinate amount of time. Also’, T havé gohé to great’ lengths 
to develop a model structure which enables the! sydtem to save tine by | 
having information organized and accessible fn a convenient’ way; the 
above-mentioned decision procedure completely ignordi’ tte structiire of 
the model. 

Instead of an impractical decision procedure, I prdépose ‘that SIRI © 
use a heuristic Theorem-Proving program ("PP") for its ‘triith*testing. 
TP will start its truth-testing with the most relevant ‘axtoms’ and 
model linkages, introducing adtlitional facts only wher needed. The 
model structure will dictate what’ constitutes “most Yelevant;" as wiTl 
“pe explained below. : 

“ thé best example of a heuristic theorem-proving program in Newell 


and’ Sition’s "Logic Theorist" (LT) (27), 4 progrant wiict proves theorems 
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in the propositional calculus - .Since TP. will be modeled somewhat after 
LI, let us consider the general, behavior of LT. LT must, be given a list 
of true theorems or axioms, and a statement (the, problem") whose proof 
is desired. The system tries to prove the test-statement by showing , 
that it, or sane, statement, from which it can easily be deduced, is a 


substitution instance of a true statement. . 


7 


; The Srup, statement, must, be 
either a theorem or a statement whose proof is easily obtained from the 
list of theorems. LT has several methods -- the principal ones called 
chaining, detachment, and replacement -~ for creating statements from 


which, the problem statement can be, deduced, and, for. selecting "relevant" 


theorems from the. theorem list. LI also containa, special devices for — 


keeping track of subrproblems. and keeping, out of, "loops." ; 
LT was designed largely as a model of the behavior of naive students 
of logic, and is reasonable successful.as such. It. has not been a, 
very effective theorem-prover, partly because its methods and selec~ 
tion heuristics are not. powerful. enough,,.and partly, hecause the problem 
domain -- the. propositional calculus -- hag a simple decision procedure 
(46) which makes. any alternative approach seem weak. TP must deal with 
a more complicated problem domain than that of LT. It is concerned aus 
with « domain containing a possibly, Jarge. although, finite, number of 
objects, relations, and axioms. Also, the objects.and relations as _ 
well as the axioms may be changed from problem to, problem. However, 
the actual proofa. of SIR] sentences by, TR will. on the average, be... 
shorter and simpler than typical LT proofs. After all, TP parallels 
the human mechanisms for recalling facts in memory and doing some. simple 
reasoning, not for. solving formal: mathematical problems... Development 
of elaborate logical ability in a ‘computer must come after. the achieve- 
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ment of our present goal: a mechanism for simple, human-like communica- 
tion. Deductive methods similar to those of LT should be adequate for 
TP, provided we can provide a mechanism for selecting the "most rele- 
vant" true facts from which to start each deduction; and of course the 
central information organizational device of SIR and SIRI -- the model -- 
is just such a mechanism. 

Therefore, I propose that TP contain the same deductive methods as 
LT, and in general be patterned after LT, with the following important 
exceptions: 

a. In trying to apply its methods, LT always scans the complete list 
of true theorems. TP should initially attempt a proof with a small list 
of “most relevant" truths extracted from the model. If the proof 
methods fail, the list of truths should be gradually expanded until the 
"relevant" portion of the model is exhausted; or, more commonly, until 
the specified time or effort limits have been reached. One method of 
generating "relevant" truths for the proof of a SIR1 sentence S is the 
following: 

i) Let B= the set of all basic relations which appear in S. Let F= 

the set of all object-names in the model which appear in S as arguments 

of members of B. 

ii) Construct a truth list consisting of three parts: those axioms 

which appear on the description lists of the basic relations in B, 

those link-predicates which involve relations in B and which are described 
by attributes of objects in F, and those axioms obtained from object~ 
predicates which appear on the property lists of objects in F. 

If a proof cannot be found, the initial truth list can be expanded 
by enlarging B or F in any of the following ways, and then repeating 
step ii): 


iii) Add the "€" relation to B. This relation is important for deductions 
which involve transforming or removing €-quantifiers. 
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iv) Add to B any new basic relations which appear in the current truth 
list. Whenever basic relations interact, an axiom on the property-list 
of one will name the other, thereby introducing it into the system. Also, 
axioms from object-predicates may introduce new basic relations. 
v) Add to F all object-names which appear in values of those attri- 
butes of objects already named in F, which involve relations already 
named in B. 

Each iteration of step iv) or v) and step ii) will add facts to the 
truth list which are more indirectly related to the test sentence than 
any facts previously available. When no new facts can be added in this 
way, the truth list will contain all the information in the model which 
may be relevant for the desired proof. However, I expect that in most 
cases true sentences will be provable from a truth list obtained in 
very few iterations. 

b. SIR1 is concerned with the truth of relational statements with 
respect to the model, whereas LT is concerned with the universal truth 
of logical propositions. The ultimate test of the truth of a sentence 
in LT is whether or not the sentence is a substitution instance of a 
known sentence. The corresponding ultimate test of the truth of most 
SIR1 sentences is whether or not certain links exist in the model. 
Every SIR1 sentence is a propositional function of link-predicates. 

A link-predicate is true of the model if it exists as an explicit link 

in the model, or if it can be deduced from axioms or higher-order link- 
predicates explicit in the model. Therefore, for the ultimate test of 

the truth of a link-predicate, TP must contain subprograms for eliminating 
€-quantifiers. For example, (Waex)[P{a]] is true of the model if 

P[ pw] is true of the model, for every object uy such that pex is true 


of the model. Thus, the €-quantifier structure of SIR1 sentences serves 


as an important guide for the theorem-proving program. 
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ce The problem of implementing the "Exception Principle," dis- 
cussed in Section A.3.c above for SIR, is still with us in SIR]. This 
means that the use of different sets of "truths" extracted from the 
model may lead to different answers to the same question. The solution 
to this problem is simply to be very careful in building and expanding 
the list of "truths" used by TP. I believe the iteration described in 
a» above is adequate, since it introduces the most closely related 
facts first. However, some experimentation in this area, once a 


working TP system is developed, will certainly be of interest. 


In summary, an English question should be answered "“yes'’ by the 
generalized semantic information retrieval system if and only if TP 
can prove the truth, with respect to the model, of the SIRI] sentence 
which corresponds to the question. TP attempts to prove the truth of 
sentences by going through the following steps: 


i) Test whether the sentence is immediately implied by direct links 
in the model. 


ii) Create a list of the axioms and link-predicates in the model which 
are most closely related to the sentence. Attempt to deduce the truth 
of the sentence from this list of truths, using both logical transfor~ 


mation methods such as those of LT, and model-dependent methods such 
as elimination of €-quantifiers. 


iii) After a reasonable amount of effort, add to the list of truths 
the axioms and link-predicates which are next~most-closely related to 
the sentence. 
Repeat steps ii) and iii) until proof is completed or abandoned. 

Note that TP operates in the finite domain of the propositional 


calculus. No provision has been make for true quantificational deduc- 


tions, such as proving in general 


(dy) Ox) Plxsy] > Ox) Gy) Pls; y] 
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Therefore TP could not, for example,.perform the derivations of | 
Appendix IE which relate SIR and S{R1..,,The.problem,TP does attack  . 
is that of selecting relevant information.from.a large (although . .. 
finite) atore in order to. construct.preofe efficiently. Of. course, 

a similar program for quantificationg} deduction would be a welcome 


addition to TP... 


3) Complex question~angwering: Some.of.the questions which SIR 
can answer. require the. syetem to perfgrm more. elaborate, information. 
‘retrieval tasks than simply testing the truth of an assertion. The 
answers.to questions like, "How many fingers does John have?" and. 
"Where is the book?" must be. computed by. searching and.manipulating 
the data stored in the model in order to creake. appropriate responses. 

Let us define @ "question.type" as a.class.of questions whose. 
answers are found by following the. same computational, procedure... 
Questions of the same type generally differ. from each, other by referring 
to different objects in the model; those object-names are inputs to the | 
computational procedure. In the previous, sections, we have considered the 
special, typeof all..yem-oyeno", quest ong», Ta, SIRn thie glagg of | 
questions was considered to be made up of many diekevent queacion 
types = one for each SIR relation, -- and, there wes, a corresponding 


multiplicity of computational procedures. In SIRI, the comput ational 


ne f 


procedure for ali "yescor-nol! questions is, sip ly TP. However, TP 

yaquires as an input not jase ehe: nance of ch ieces, bur rather the 

complete SIRI sentence which Corresponds to the question. 
Unfortunately, no other SIR question types can be combined easily 


for a more general system. Each question type requires a different 
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procéduré for searching through ‘the network of Tinks, identifying 
useful ftnférmation when it'is found, and manipulating the information 
to produce the ‘atiswer. Computer ptogramiing ‘fangdages are well — 
suited fot specifying conputaticwal procedures, ard for reasons described 
in Section III.A, the LISP language was quite convenient for specifying 
the compléx quést ion-angswering procedurés of STR Wowevet, de one 
attempts to enlarge and generalize SIR ft bevones “obvious that these 
programs should ‘be maéde easier to write and easier to understand 
whétever ‘possible. the full generatity of LISP must be kept avatlable, 
gincé new question’ types may require, in the ‘angwéting prdvess, unanti- 
Cipated kinds of data tiantpulation; But the devices described below = 
may be used to simplify the construction of ‘question-answering programs. 
In LISP, the’ flow of control within a program’ ts ‘nérmaliy deter- 
mined by spécial Funttions called “predicates.” The LISP system: 
“evaluates ach predicate accorditig to built-in or separately: provided 
evaluation procedures, and choosés the next operation to performed’ 
according to whether the value of the predicate tg "fr" or "NIL" 
(corresponding to "true" or "false").— The SIR] protedure-specification 
language Should be similar to LISP, but should algo‘allow the use of 
“an additional class of: predicates: natiély, statements whose LISP ”*’ 
values are "T" if a particular SIR1 séntence is true with respect ~~ ° 
to the model, and "NIL" otherwise. ‘The procédure fot evaluating 
thesé additional predicates would be just thé procedute ordinarily 
used by SIR fdr determining the trath of SIRL séntences; namely TP2: ° 
Thus the full power of the SIR "yes-or-no" type of quést ion« answering 


procedure could automatically be used within the procedure for 


, Statement , a tae ea are 
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answering a more complex type of queation, . Suppose that in the, course 
of the procedure for answering the question, ."What is the relative, 


position of x?" it is determined that y.js.te the right of x and alsa 


, that a.g is to the right of x. The procedure could then. contain the 


pk as fT Po mr hee? A 


if Qacs){ xtgheblassl artehsblysalL, eee 89.4 ess &°.B.., 


where A and B are jocations of appropriate. further . igstructions | An ie 


‘ite 


the procedure. The procedure writer need. not consider how to eapewer . 


_ the queation, "is a g between xan yf. for, TP will do thet for hims 


As a special application of this method, for procedure-writ ing, let 
us congider haw to obtain "no" ox “sometimes” angers .to questions of 
the "yes-or-no"! type, The existence of separate programa for each... 
relation in. SIR permitted the considergtion of special properties of the 
relation in determining an SPPFORE Late » yeply,..In_ovr, (generalized. oe 
system, .TP can reply. ''yes' if the SIRI. sentence § corresponding, to, the 
queation is, provable; otherwise the reply must be. ‘insufficient, 


information." Although a "no" answer cannot be obtained by TP. 


. directly, we can build into TP the. ability to. make..a negative reply . 


if it determines that the sentence ~vS is provable; but.no general... 
change to TP can agcougt for special properties of individual relations. 
However, this flexibility of SIR is recovered in the, genexalized |... 
system, without relinquishing any of the uniformity and generality .. . 
of the SIR1. formalism and the TP program, by the use of simple pro-_. 
cedures wrigten in, the LigPeplussth spectticakion, }apeyases, FOF oss 

id 


exemple,, the. procedure for answering, the question, Teen x,8.99" 


might be.as follows: 
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if (\pfaex)[aey] then YES; 
else if (Waex)[~aey] then NO; 


else if (/aey)Loex) then SOMETIMES ;_ 


else “INSUFFICIENT INFORMATION) 

: there: remains the probiew of Amplenent ing ¢ one “specification Language 
on a computers when. TP is available, it will be. a atepie: matter to 
design « an anterpreber. wnaeh would Foute control between 7 and the auch 
Tat SE Precees whether a compiler for, ehese procedutes is feasible | 
depends on many factors, inetuding: tellies precise - caiekae of the TP ae 
| The spine here is that implementation of this procadireskpacttiont ton 
TStguase 5: a a Rey: Part: of the. generalized moment ic question~ answerer ; 


is fede ibre at the’ ‘present’ stece’ oF the pra aaing art. 


In euneany ; a ‘simpie format eer bag been presented which adds to 
LISP the’ craths ebat ing power of TP. “ata pects spec it tvat ion 
language, Cope r her. with ene SRL Foumaliom, a ‘corresponding word~ _ 
association wager: atructore,: and the (‘TY truth+testing: program; ‘eonattie 
tute’ the’ basis fort: a mgeneralized”™ Setieht it: Angothation tetrieval svat, 
On the basis of Pat OEnse ton: gleaned from the development of SIR, T pave. 
been able ‘to’ describe this’ generalizea™ ayetem Which has: ail ‘the’ 


quest tontahewer ing’ abitity of STR ad: peewee a hue larger elasé® oft ee 


gucsesona: ‘More importantly, new relations can be aaded to the 
‘general ines” « system end: whe axioms of its: Proof: provedure can be 


modified’ without” ay ‘veprogrehmtg, tha ‘dueretonventweting: ptocedutes’ ae 


ean be introduced and modified much more easily than they can be in SIR. 
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Chapter VII: Conclusions 


re tarid 3 ~ ay Ay 
i $ PTA A as ade 

A. Results. 
PO te a OE eEBOle CEES a geo 
1) Question-answering effectiveness: ‘chapter I qeacribed ew Paes: 
SOVTAMAGU 1 Pha tod a ee Bact 


quest ion-answering behavior is a measure “of a computer svete 8 bite" 
ie 2 ce | Te 
ity to "understand. " SIR represents, “oeantngs"™ ia the form, of . word= 
i ks 2 4T now eid ct um tt: 
association, br onereyeitat model. As s ‘result SIR is more ‘general, more 


OTe 


powarkul.s and , judging from its conversational’ ability, more Wintelli-. 


ee 
ee 


aaiie GO F Fs 134 Sat ivid 

gent" than any other existing quest ion- answering systen. “with respect 
to the fundamental problems of ‘the. Ghee. systems aiecaased. ‘in: Chapter | ‘II: 
ee oe a (eh iscmelant 2su5 @f eyes deieg oni 
"AB 
a) SIR is ‘not limited to. a rigid iorepeted: data stiuctuke und . 
ponding: programs with specific,, byiftriny. ag. hoc definitions Ofs  ngan~2 Be 
ings" as is the "Baseball" program. Rather, it constructs its data 
structure as information is presented to it, and ankererere "meanings" 
from "learned" word associations. 

wl Rif mad gore oT SaE 
b) SIR is ‘not. restricted. to the sentence- S aentenee: “matching Of: 


Phillips i Questions Answering Routine -2.. Ingtead,..the: $IR; model; pres yx 11 
vides access to re relevant stored facts in a direct, natural way. 


Siw Tad ik 


c) SIR; unlike SNYTHEX ‘does noe: “require i oracmat ical analyses ‘hitch 


stead, ‘quest ion-answering is based on “semantic. cyelatioashicss a he 


program structure, cen, be, gimplified while-enlesaing the, scope@f., the, +. 
system in the manner described in ap aed Vi- 


atirza bt os: i 


d) The SIR model is not ‘tatloea for a “aineig. concept Tike ce” tani. 
relationships of SAB-SAN.. . However... the; propertys}igg¢: strus tyre. of, the, 


model can easily be used to represent various special-purpose models and 
thus. take, advantage of their.benefite, while, permitging, the storage of, . 
any relational information. 

: vidrepyaqgmi os Jeuatrp 
e) The SIR system is not “eoateloted. to ‘testing fhe Universal Eruch of 
a complete statement ,. fsegardless of the. meanings. of dts. components, as 
is Darlington' S program. Rather, SIR procedures can be devised to ans- 
wer any. form of question, and the. answers,,are, baged OR, STR 8 cyrreRnt: ph... 
"knowledge" as determined by word SRECETALLens:: in the model. 


tivatthe boar bein 600ubo sda cu feo 
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£) Although ears oie to’ Benne ep ord setetion seine 


system containg Programs ne hand! ing several. differen elation} and 
their {nteractions; ad botti input’ forms ‘and SA saad say call me 
be modified. 


PR, Seppundeation language: SIR provides « frapework for reasony 
ably, natural coomunication between, people, and computers, . Although 
somewhat stilted, both the input and the response languages used by 
SIR are sufficiently plose tp natural, English to be easily, understood 
by en ungreined human... The faput format, recognition pepcass used in. 
SIR (Section IV, B) illustrates how far one may go toward “understand- 
ing" natural language, in the sense of recognizing word associations, 
without reference to grammatical, structure. . of copesey, Auch 8 scheme 
cannof, be generqlized to cover sny large portipnn of a natural tenpuage- 

It was used here simply as a device to get past the input phase and into 
the problems of representation and retrieval. However, this format 
matching process can easily be expanded to handle any sufficiently | 
amall portion of English. — | spate 

“ven in its present primitive state the process in not excessively 
restrictive to the untrained user. With the present system, the user _ 7 
could be instructed to present in complete English sentences simple 
facts and questions, and not to use any sentences with subordinate 
olauses, adjectives, conjunctions, or commas. These sentences may be _ 
about slags, relations, partruhole relations, (posatbty {nvelying, mualorss 
possessions, and left-to-right ordering relations. When used in a 
time-sharing environment (11) in hich each sentence receives an ‘omedi- 


ate response, the system would have the effect of a."teaching machine" 
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x 


in training its user to restrict himgelf to. recpandzable. sentence: .:., & 


mya ek ie 


forms. After a few. trial. una, the. progranmer, ¢¢ can andl, add 4 PAY new, , cateate 


cai’ 


sentence forms which frequently arise, ‘thus, ‘imp ing “the. changers. of | 


success for the next user. If this training process is too slow, ‘the’ a 


new user could study sample conversations from previous tests, or re- 


caste 


fer t® an‘ outline St available’ Poruhts.” pe tei Wtkpds tn tidw Heatesbines 
Seria BE be OR trp reary apaguwdeed gee b Robie  lauhegy og dale 
to SIR. ‘These processes are much simpler than learning a “programming” 


language. A sorted list of formats. ‘and ‘more’ sophisticated similarity 


tests in the matching procedure would allow the addition of many more °“ 
G' buay - ae ee eek. Huyrod tiecg) oat  egit.d boaniua anu ys 

formats to the system with rio corresponding’ increase in time required 

for Tecognition. seid td Bis cit? CRY Wb "926222 tia ta el Mie oig Abu 
At the output end, the ayaten denondtiacts’ chat “fntetligent” Ye” 

sponses are “Evequedcly possible without “an ‘elaborate generative grammar,” 
Bopad wi Lets & fe att agi, uate way gpuyOo 23 Dost lpigs3s od jumnes 

as lohg as one can anticipate the classes of responses and frame each 


Hi odo ouniveb fo 22 viunmba eter Pua geome oi 


eRdo 


3) ‘The model: An important’ feature of SIR is the flexibility of 


the property-list structure of the model. Independent™ or elated facta 


sie 


can automatically be added to or extracted een ‘the “system, ‘nd the same 


OPS. Sa TE SPER le tr ee oe eee aes 


ance se aber ea ae Gas serge DPE eGo d Bi & we fn leg » Lage 
data may be expressed in more than one way. 


Bayeral giedien: a wang a ce Sena aa 


upon the use of fixed, unique eg Ube adh WS ‘the ‘{aformation in-” 
volved. In SIR, there can be many sepreuenta: (one which are equally “ 
effective in providing correct answers < 7 ae ; =the’ system ‘titnowsl? ‘that’” 


the statement, "A finger is part of ‘John"" {s ‘ride 1f (a) there is an 


Payaaet de bite AMET YS sald aera hag ane 
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explicit part-whole link: from FINGER to“3JOHN; ot 1F°(b) there’ate” '" | 


j 


links by‘ means of which the retrtéval “peogtamg°ciin: 464dce! Phat "d finger - 
i@ patt°of a person and-John is a'petedn? of if (¢): thats are links by” © 
means of which the retrfeval programs dim déddcé that a Finger ts part 
of a hand, and‘ a hand is part of Soh; “ete: “tH adéition, ‘the system: 
can automatically translate: from one represeiitattofi to anothér Having ~~” 
some advantages. E:g., the’ *stfeami tre® ‘opéraéion dederibéd in Séctton!! 


V.B, reduces storage space ‘requirenienté BY feMovidg ‘rédutdancy ‘tn’ the 


tay 


representation, without making any charges ‘in‘the “syat en.‘ 
The property-list todel “turns cut to have adGnatages ‘even when ‘an- 
other ‘form of model” seems more natural :° ‘Fd axamprés“fettdtd-right® ~~ 
spacial relationg ‘seem most edsity représentéd by a Vinear ordering! : 
i.e., "x is tothe ‘tefr of y" could be Wddéled by pladfiig x"ahedd dt? -* 
y in a left-to-right list. However, incomplete information can cadige "© 
trouble ‘for sucha model. Tf it te kiowi ‘chal “x ‘ts “fo the *feft éf 
y" and "zig tothe tefe of y)" “the ‘Pideardrdefitg' system caimot °<! 
uniquely ‘mod@l the relative “posttictia of x, 'y;°and*zg!*tne property-" °°” 
lidé system; on the other Nard; “tepredélits exa¥éty ‘the vat attionedhteh 
are known; and thé linear ordering Gf the objactd dat be ‘deduced “from” 
the property~list ‘inodel, as is done tA STK by the *fYocata” funétfon? Pe" 
the data ‘ts’ suffictently complete. (°° 9) 2 asancs neta 


Cho Ry SS 


ay itate: The processing timé per ‘statement for the 4IR °° 


system with'a standard LISP configuration dian Tim‘ 7094 ‘cotipater with 
32K wordg of memory was about one second. All the examples prepared 


fer Figure i and Figure 5 of this paper, including loading and compiling 


1%. 


all programs, toaqk about 6 minytes. of.cempyter.time, The, SIR. system, .. 
with all the, relations, processing. programs, and, language, formats, des .,.:. 
scribed in thig paper,,utilizes almost. the. full capacifty.of,,the, computer, 
If myst, be remembered that the SIR, aystem.was.not degigned .to..solve,. 
any particular practical. questiqnzanswering problem.:.fh consists,.of a . 
collegtion of, relations which .were.intreduced, ae described, in Section... 
IIf,, in order, to-inyeatigate. the various .featyres and pogaibititigs ...... 
of the madel.. Thesg.relationg dq bgt neceasarily.beax.any other, uge- =. 
ful or logical relationships to.eagh other. oie. cng feu catese ys 
- Although cramped, for memory space, the present system has been. 
successful inthe seng¢ that if.has demqpatrated. the ugefulness of the. .. 
word assqcaition.preperty-list model ..and if has auggested.the more, ...... 
general ayatem described, in. Chapter WI ).which vextendg the yseg gf the 


- sade = 2,3 hie tiek toa od Bice et Qe DE Sane ee ee 5 7 
pies © Stik CREE et seiqmoomws ,vuvoerol .tesi gdgiyr-us ped sy po 


to use the STR model and present .nregram organization ina practical. _ 
information retrieval syatem for an TAM .2090.size computer, provided... 
the ,ayatem, involved 4 .reasonably gmall numberof relations whoge inter: | 
actions are clearly ywnderatood., Qne ,posaihle.application jis.a reso.) 
trieva} system which has been proposed at the RAND corporation for da- .., 
formation about documents in Soviet cybernetica..(24)..In..thet system, the, . 
users will be interested in indirect relationships and implications, as 

well 9s .the .atorage .and retrieval of apecific facts .cancerning authors 


and subjects oof teghnical PEPEES bc ays oakid¢eo Gey. Gtsonbte 30 Sere aebiate 


, iipoes = a ae tte EGE PO FINI Gi Sita 3? 
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5) estion-answering details: “fhe following points, although ob 


vious in hindsight, did not: become: apparent’ untdt the? program wis | 
fairly well developed: = apes ae 

a)’ ‘A-quéestion-answering system canhot give: definite negative replies « 
without special information about the completeness and consistency of 
its data. ~The facet thet BIR does hot have’ such information accounts ~ 
for frequent occurrences of the "INSUFFICIENT aia rrle aes in 
places where a clearcut "NO" would be preferred. erly a 


b) If'% stands in relation R toy, thén’a dne‘way link, e.g. ; ftom x 

to y through attribute Rl on | the property list of x, may be sufficient 
for most question- answering applications: “Wowever, “4h the course’ of?!” 
expanding the system the reverse link, from y to x through attribute 

RZ on the y propérty-list, may be much more Colttentatit’ © fo “allow: for * 
any eventuality in a general system both links should be provided from 
the statt: Twosway links also provide’ che accessibility needed to‘ ex”: 
periment with various tree-searching procedures. 


4 


ec) It is Fequantsy Soneibic for search peneeuieaé: even when unsuccess-~ 
ful, to: eecaggt ‘extremely useful infotmation“to thé-aser or’ programme? 
by specifying why they were ature ne stur: , This point is discussed fur- 
ther in '‘Seetion I¥.C, a7 iy’ sfe iy maeWS. Gd 2 antes 


Be: Extensions of SIR. a Ee Ga Se 


1) Adding relations: Two inajor obstacles; in’ addition’ to computer 
memory size, stand in the way of extending a‘8YR-like system by adding” 
new relations and their associated programs: (a) the ptobtem of inter- 
action between a new relation and thésé‘alréady in thé system, ‘requir- 
ing modifications throughout the system’ far: éveh minor additidna; ‘and ~ 
(b) the problem of the time required t0- seateh through trees ‘of words 
linked by relations. THis time apparently ‘must “grow exponentially ‘as 
the number of relations increases. ~~~ ie 

The problem of interactions can best be overcome by teplacing SIR . 
with a. génefalized system. As discussed ‘fi Chapter VI, this change 


would greatly reduce the interaction problem and simplify the introduction 
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of.naw, relations, In addition, the programe would, probably. be signi fi- 
cantly smaller in the generalized. system,.,,Not.only, would: all. yes-or-. 
no" type question-answering programs be replaced by..a,single, ‘theorem: 
Proving! program; in addition, the. sisliabai aaa caiatiate ee of. .. 
the generalized system, would result. da more = ROMDARED 38. well ¢ = aids | 
readable, programs: Be . coke 7 

the other ,obphacle to. the. expansion of a. semantic. informetion, re-_. 
etcval. system. is ‘the same. “obstarle: ‘bdeh, | pgcurd-4a.programe. J for: theorem 
proving, game playing, and ‘other. areas of axticifical. ingeldigense - as ea 
the. ‘problem of ‘eparching ‘ghapugh.@ an: -eyponentially, growing. space. sof. 
possible solutions. Here there ‘is ‘no basic ‘transformation ¢ that can a ” 
“mage to avoid the. mathematical, fact thet; the. “number. of. “possible Heeeee io 
Sonnectious between elements is an “exponential ‘function of tue numbes. 
of elements involved:. ‘This. means that in SIR, the time required to 
search for certain relational links increases very yapidly with both the 
number of individual elements which can be linked and the number of 
different. relations which can. do thé: linking. However, many of the 
heuristics for reducing. search effort .which have been suggested in. 
other. areas concerned.with tree-structyred data.cam.he applied-here. | - 

In.the first place, relations.aeem to be divided into independ: .. 
ent (non-4jnteracting) groups;.e-g.. spatial relations are. quite inde- . 
pendent of temporal. relatigns. .The search epace affectad by. a.newdrer., 
lation is really. just.the space of. intexacting retations; :which may be. 
a very small subset of the total space of. relations. - ,The.axioms..of-the . 
generalized system can be used to idegtify. the. groyps of interacting re- 


lations. Secondly, the,exijsateace of two-way linkspermits the search... 
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for a:path between two points ‘in the ante: ‘structure: to: di conde ‘from 


either end (whichever is likely to , produce a more efficient search), 


ayy 


or possibly from both ends simultaneously toward | an ‘unknown common 


“at ght 


joints Finaliy, semantic ‘information in ue model ight be useful in 


suggesting aL Srmectece points to use as | "etepping stones" in a Larger 


nar: GC 
$e 


tree search, hia greatly occrae the search effort. ‘I balteve that 
: one a e 
the use of cness wad similar heuristic devices, gions with expected in- 


s re 


ereases in computer séeed ae memory size and the introduetion oe parallel 


piotegelas computer hardware, will a a “Large-scale aerantte informa- 


tion retrieval system practical. 


2) Adjectives and nary relations: a the relations in the Bree: 


Das AEs . oa 


ent system are binary relations. “The model can be extended to handle . 


arbitrary n-ary relations as follows: 
a. Unary operators could be simply flags. on 1 the property lists 


of the objects to which they ane: . or, if for} purposes ‘of uniformity 


x 


we forbid the use of flags, then they could ‘be attributes whose values 


are sieeve a dummy symbol which fadlcatas chat che attribute is to be 


5 de rc cae 


interpreted as a unary operator. In handl ing adjectives, tig following 


fs : yb eh ok Ve 2G 9a? 


dectston would have to be made; should an adjective be mode ted Py. a. 


unary operator, or should it be the value | of some attribute? For -exanple, 


"little red schiociheaae® could be represented in the model in any ae the 
; $504 et a 
following ways: 


i) An object which is an element of the set “SCHOOLHOUSE," and whieh 
has on its property list the flags" L ": aid “RED VM 2 > ; i 


ii) The same object, which has on its property List the attribute - 
"MODIFIERS" with associated value "(LITTLE, RED)." 


Eg wat 
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iit) Vhe same: object;, which hae:on-its property List the attribute- 
value pairs "(SIZE, LITTLE)" and Monier RED)." 
ics scceat Césteseutetien G equivalent ro tke et but svotds the. 
need for unary operators. The third representation contains the a 
information an and ie most conalatent with the present fort of the sm 


MS RYT Psat) 


model, Bue has ‘the disadvantage that it - requires ches use of a dictionary 


to establish appropriate classifications ‘of adjectives. The pases 
at ee eee . 
representation to use : wollld have to be determined by experimentation 


} ba sits. 


eae would depend ‘upon the seeaideation of the information retrieval 


programs hich use the model: 


b. Trinary (e.g., those involving transitive verbs) and higher 


order relations could be Bepserenced in various wave eae sual to the 


wok , mts 


treatment ok binary relations. E. ies fie n-ary “Felation R can be 


tte ? pisgx aly hates ee a a . : i ae eins od Dfale 


factored: into n ‘velutious RL, R2, weiss Ba, ‘euch thee. 
G1 % , Merce des if and only if oc 
Giqyeees x. a Rix HAC une are naix, iS We 
(en Seys Hyrerer Xs >" Rn{x, | | 
where | the value of »f the attribute 2 Bm on the. Property List of x4 would be 


the ordered | sequence Ley: More “specifically, 


Kae Myo oe 
the erinary relation established by the statement, " "John gave a hook to 
Jin" could be factoréd into the three relations "GIVER," " "GIVEN, " ad 
| "GETTER." The propety List of "Jom" would have: the pair “ (GIVER, - 
(nook, 5 IM))," ‘the puoperty list describing "BOOK" Roce eontadn 
"GIVEN, (JOHN, JIM))," and "(GETTER, (JOHN, BOOK)" would be placed a 
nga" " oe ete bace deetns ‘cli: cenclcalaey. an sfeiclehoy: of: 
sucha :representation ean, Rody be asecaveted ca sae acid and: ease 


menting with working banaue programa. 
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3) Next steps: ‘The present SIR system, and its generalized version 
discussed in Chapter VI, are only first steps toward a true ‘understand: 
ing’? ‘macline’. ° Bventially we mist sive Ue Wddvide-Vakee problem (224, 
which’ involves .controling the operation of the machine merely by "advising" 
it, ‘in a suitable English-Like language, of the degirad procedures or 
results. 

One approach to the "advice-taker” is té develop programs ‘which 
can produce other programs in accordatice with simple {netructions. 

Such program ‘writing programé could be an outgrowth of current work on  ” 
computer Language "compilers! if the Vnput ‘arid output’ forms are puffi- . 
cietitly well=defined. Stmon (39) is working on this’ approach by de- 
veloping a system which accepts 4 broad range of English statements as 
input to such a program-writing program. 

SIR suggests an alternative approach. Rather than developing a 
program which writes other programs to do specified tasks, I propose 
we develop a single, general program witch cdti- do any task provided 
the program is properly controlled by information in tts model. “‘Niving 
advice’ would then’ require only the relatively simple process’ of wee 
serting appropriate control {nformation into the model. ‘The SIR model : 
provides its’ programs with information about’ the truth of particular. re- 
lations ‘betwedn specific dbfect’s.”" the model in the eéueralized aystes”’ 
alao provides’ the “theoreh-prover" program with axions whith’ describe °''~ 
properties of relations and interactiéne between relations: The next 


generalization should davolve. “adding tp the. model. information, which win 


specify and control theorem-proving, and mpdel-searching procedures agit 92 


the program, 


136 


Rats t 1 ‘ 
After:the gbove two gpproaches ton understanding” machine, he 


ar 
Bib 


bean. developed independently, they should be, aynthegszed. . The, progran- 
writing program ‘should be incorporated | into the gene eneral Program of the, . 

(mode), dependent Byatem. “The resulting ayetem vould then be able. to com, 
struct arbitrary procaduxe specifications, 1m accordance with simple in, 
structions which had been placed in its model. 

Ultimately, the "intel ligent™ machine MU aeve: £2, Pe:.eble, Eo Bey 
stract from the. information tp, £66. models . Ter Lee. Ge, MAGPRSLEY £9% i, 
additional action, and creer the necesgary instructions. for. ptgel ft, 

The design of such an _prtificial intelligen¢e” awaits. the. eisai: 


automatic concept formation and nuetive a ference systems (20,41) as _ 
Pa SG po BS Bek Aaa T No gla iy AF el > Toni FEL OMS, Lew Via Samos a ot aes 


well as the generalizations of SIR described above. Bt seg 
beg on Pot Race. ek Tees Pobre Be R38 iG di Ff 


aceite oe opr 


Magee 1G RAL ILIOWMBIROTI G MWR CE digi 


C. Concerning Programming... 


1) Walue_o :, Many of the results end conclusions... 


written. after the development of . a jarge. con puter program such as SIR 
BE IOS fOYP OF Gye 


frequently appear as if they could have peen caren lrened Mt rheut rhe a 
ial ea rc ee aeons Bs : SDA EVE DET fai Sr DPpa'e Sih Lr eee ree z 


tedious effort of programming. This is rarely true, and in fact, new 
PoaEREay eh MP ete er LT HG EiBRIYOG TOP (ODIs SIR Ida tae aciiat 


Mt RRR ES So ey as eee 


v u 
avateme witch ane desertbed as, complete Temsppe f6F, the RrORr amt nR cas 
manly, Seantre Aenieentet mont cet ipae fh aan Ser area 

t . = 
ABO operat t7e DEvg Eanes tee reece ct, tie eporenet of ete ay ate 


a ine 2h acta tai icy naar elvis, Ae een aa mn eee eee meet Tne, 
a), Without a program it is he ea dif penny tel}. whether, the, ay, 
specifications for a system ate’ real a ha’ constateht. “Crucial” 
decisions may be considered minor details 8 and contrediptions may go, un-_ 
notited, until one ‘£8 compelled’ t Buird’ an’ Operating system. °° °° °°" 


b) The process of programming not only turns up fallacies in the speci- © 
fications for a system, but also generally suggests ways for avoiding 
them and improving the system. Thus programming can be much more valu- 
able than just searching for errors in the original specification. A 
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completed "debugged" programmed system usually turns out to be a compro- 
mise between the, system,as it was originally apeeifieds,a simpler system... 
which was more feasible to actually construct, and a more elaborate sys~ 
tem whose new features wexe though}.of:during she .paegrawming iprecess....- 
This resulting system is frequently as useful and certainly more reliable 
than the originally specified system, and in addition it may suggest the 
design of even more advanced systems. With SIR, for example, methods for 
implemegting the “exception psincipie" and; resplution;: oh smnhs wi tges 

arose from the design of the basic question-answerer, and the specifica- 
tions. for the. generalized.aystem,.of Chaptes VI.ere :basad;laxgely.en proper 
ties of the final, eras aie system; 


c) The programal ag prccaea eoquently: turns up ‘iasights which V might « not 
otherwise. be discovered (see. for example. paragraph: Ag, above). Sf contts 


d) Finally, the resulting program. provides .at the .gepe..time a. demengtre-.. 
tion of the feasibility of the ideas upon which it is based, a measure 

of the practicality gf the gystem in tems of time end ispaca..requigemeats a) 
and an experimental device for testing variations in the oEterna) ceed 
fications, Bid! SSI, OP AS Poa Paetpe Mabou deuw te fePtey ado ta noe 


Bet at REBISE ee: ed Pees ee reer ae iui Ft 


2). t Acunifowa;tree hinkage.and search ; ; 


progedure would .gimplify eqding end allow'the progvewmer ito coneentrete:. 


on the mare. important, problems of program .orgenisat jon. and esearch strates. 
gies.,,.Sugh.a standard representation would .heve ita ibe. flexible cengugh:te: 
handle the most cqmplicated cases. In SIR, the unifoma use of.only typers» 
3 links or, all property~lists and.only tyge-| limkg omiall -subcproperty-~.— 
lists would probably achieve the desired regult.: 4g. eitemative, .aeme-.--. 
what more complicated.(but, more economiqgl,.gf steyage} way te -adkieve the - 
same result of freeing the programmer from.comperm fer details. would be . . 
to allow several kinds of linkages. to be used wherever they were best,. 
suited (¢.g., typerl.-2, and 73 linka),,butxequive all retrievel ater . 
grams to be able, to recognize the type of a link .and treat egoh ope occ.) 
SAPNp TALE ye, ayy RAY RUOR Sst nest} inl le  PMgas cue 

,, If this alternative of allowing the use.of several types, of, Link 


ages were. used. in the generalized system, the maturd icf the'slinks 


BpPrOPt Tare: for pare teurer telations epee be etoree in, the model on sene 

property-Lists ‘of the relations. in ents wy the* cypaitdened fieatén : 
i : i a) bey od Oldreseh siaom esw ono caw 

sh ‘be ‘readily available ‘to the: retitevit: ‘programs. vat rar. seule ihe. 
dE OH ge 7 83 inh de Hee awe 


the aay Beare 
3)" 4 Tn ‘order: to! 5 hiid Deane of ‘the: res": 
Reena paid ot rp seed wid TO OSs 3h gifF waeat 380% , 
trfeval prodenwen ‘Thad: to‘develop' sowie deneeat ‘treese raging: sone t tones 
“aTe om! #3 vo, PBL ote Biot 


The eeeti sty in oe Sree language | fOr defining pune rout Bs eres 
DITI BT Goonl 


arguments aweniteed ‘ehe: aesten eespregieied pbbvtdtag? a a pawerein - ‘abttity 


to apeet ty compres ‘seareh ‘prodedites:: aFOr ‘enesiBley one “of the moat Sise- ° 


STUEB On  e EE aiiidies: .) OL9 


ful: ‘Genet i ond” wag” “tind [otart; Lak teat? ms herd gearet-eanbe! aly” 


“a EPS Ts rae eobvagh waonond $q.t fh. ams 


word in che’ ode structure, "Link specifies which arevibute to use-to® 
find succeeding words, and "test" is the name of a function to be applied 
in‘turn-toveach word reachable from "start abong ithe kind SE path spéci- 
fied ‘by "link. If the value of “vest! applied t6 a'wosd ts the spéebaro' 
symbol “"NIL ,*! the seareh continues; otherwise ‘the ‘vdbue Of Strid (and > 
the ‘reault of ‘the search) -is ‘fust the value ‘of *tegt."> This “reselt “may "° ~ 
contain the word which satisfied the fest -and thé ‘séedessful ipath )£.e2 7°" 
the list ‘of words which Tink "start to the selectdd ‘word in the déstred 
way. Note thdt sthe ‘funétion "find" can ‘be calgcaded, 1.42; test’? ‘day Be® 
another application of find" itsebf.: Big., Hn testing wether every A °°" 
is part ‘of -sonie 'B, we may wish to’ test wheter ‘there fe a cladé u igich O°:o» 
that every Ais aw and every u ts part’ of sone B. This test ts carfted | 
out stimly ‘by executing the following ‘function (¢tver “in PEP metae? & oie 
language ‘notation); and testing whether ‘its ‘valtie £6 NIE" or‘ot: | Oe 
‘f£ind[A; SUPERSET; A[[u] [find [u; SUPERPART-OF-EACH; A[[ vk{ v=s]} STEEP. 
If a uniform ‘representation “(as deseribed “in ‘patdgraph 2; abdve) ‘had 
been used throughout SIR, then it would have been éaey tb devdtop a 9 68s 


8s aS ete 
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complete set of general network-tracing functions like "find." Such a 


set of functions could be the basis for a language which makes seddcpiraieas 


SOE ae : 
tree- and network-searching systems much simpler ‘Shae Tt ii oon Such a 


tres a 


Language might thus contribute to research in ‘the. areas of pattern acogat= 


st 
rh 


tion, game-playing (36), and network analysis as well as semantics anid in- 


Sear MGA. sts ot Bee ye Bi gi PASS See Wea en eth Eee ee 
formation retrieval. Note that the success or failure of an appet eaten 


of ‘the funceiod "find" ‘depends only ¢ ‘on ioe “eonnectivily of ‘the network; 
the ordes in which nodes are generated gad teaced, aid theserore the” 
efficiency of the system for various kinds of networks, must be decided _ 


in advance and built into the definition of the function. _ 


4) Progran simplification: The "procedures" presented in section 
V.A.which were described as “rough Flow charts" “for the retrieval prograns, 
aged 
may” “seem unnecessarily ‘complicated. this ‘is ‘true ‘fon ane ‘Pollowiae: reasons: 
# ! el Peeve tt nee 
a) “Rach procedure. was written as an oi ci be hee a eaetieular pro- 
gram operates, and .the place of these programe. in:the overall pragraa .«:. 
structure was irs aoe to avoid confusion. There ie must more hier- 


gram ‘than is indicated - in those procedures. 


b) As with most programing Caake, many possible simplifications occur 

to the programmer as after thoughts. If I started over nowy. Ecquld.cer- 
tainly construct a neater, more compact SIR system -- especially by in- 
corporating some of the ideas discussed in paragraphs 2 and 3 above. How- 
ever, I ‘would be more inclined to ignore SIR altogether and instead start 
programming the generalized system.of Chaptem VI. ‘ 


c). Unfortunately, many of the “simple reasoning, procedures the program, 
must go through really are complicated. It was surprising to me how cany, 
possible routes one may , take: ‘ho deduce .a simple fact like, "A. ig part of , 
B." 


D. Subjects for Future Experiments. be 7 er 
aed BS GEL She, Pe a CA cae ar Vases er SREP ache, Sete Tae 


) Search n procedures : The welative merits of different tree- | 


esd POF a Vepoke: as See pet eae tiene 


searching procedures enould. be , investigated, aince any device which signifi- 


ae apd ts ye fy 33 re Saget: ct tdain GMP ons 


cantly neduced search pCPtOEE would be a valuable Re agitated to the 


ge eais ob SE lf ik: fips See: f Per oin. Lis 3 caxtend 
pracescel of ts Byer eme: Recs , seeking: a path between two nodes, 
FIG t SS 5 dah BVO EL re Mes rey 


for example, one aight compere the Precedure = moving © one ply from each_ 


srg mo hone iss Pagqaa i935 


end, alternately, and looking for a common node, aah the . procedure of 
: es ieyeanug 8% febonm slugs mh fois odd 


pone taslty branching out coe one node, searching for jhe, other. Even = 


Fieaeey 2 Phy a EL Heat aes 


this latter procedure can be perforned in, either a "breadth first or a 


CS aah | eae eee Pie eee AV Sat eee re ght 


more naturally recursive "depth first" manner. While the first ceeeadine 


ment toned: above cuts the. ettective eee ef a L succeaa rut search in half, 


ey 
ad 


it also introduces matching, problens‘in order to > recognize Success », and 


: ; 
OVE ne LSet. otibe AY 


makes it more difficult £0 Mara alan ene bac arch succegeful path. which 


A yi i OI Yi RIBS par ee 2 TERETE 


of ‘the var tous procedures ee "best" will depend on the bth of ene REL MONS. 


BE 1G b.‘te ESB’ heagae ar 


ny ys rere ROVE Reaietgh Ch Shs 


the rerarive ‘frequency’ ie rouecese ‘the “average ‘Penge ‘68 miccdes it Pathe; 


Pye eG MEUM SL SS See eye Hoe SD BBW os fir Di 


etc. ' -Thé#éfore the Hest way to- determtite’ the ‘fod Pete tent methods is al 


yung MOT ok OEE 


to ss la on an operating he bac preferably. with respect to a par- 


tidular problem area. 77 < ee 


hg FR 


2) Linkage structure: ° The: wosibtadn Abditer Oe deg ltr ° “tent nodded: 4 


snoSTs: 6 ponve ses estee * Oe et ghe expect “a tradeoff Here Between” beat 


S war wae ols ig 


and “t fie téei, that! ‘a ‘renoval! ‘of recinidatrt Tinks, 168 tise dncié by © 


hoe 
we AR 


"streamlining" operations, should save storage at the expense of increas- 
ing the average question-answering time, while introducing redundant 
links, for instance by adding as explicit links all question-answers which 
are successfully obtained, should use up space but speed up the question- 


answering process. However, this trade off is not strictly necessary. 


wh1 


gepticit Links gave ttae only when they Provide Coreedeansverd? otHeewtése 
they use time by requiring spurious “parts of the ndtwork" U8 "be saaurdhed!« 


Which redundant links to weed out, as well as which search procedure to 


usé, depends of thecchafdcterisitics of thé iéde? and Quddtisuscin’s par- 
t Lent bt application’ and dist be: détemined by* dapeetheRtatioas 2) vo o 
“nother Btructatiag problem t6"b8' considered 48" chat BE EbHTLstercy? 
At p#¥sent STR tries te test the conslétendy Sf! shchoInpie Sentenks wick 
the informatibn it already‘has stored) Berd’ bad ag the Hew telat iondts 
tHE’ model: “Tt might be'mdre |eeficiant co btindts wecapileach input’ °°? 
gentetice Indeperidehtiy, and then chétk the cbhstateddy bf the abdel! from 
time to: time’}*say bétweén' input’ Séntendes * Ceaptaittiet 4 P probiems’ >"! 
odtur:”/ this iptodedure’ wontd give Lace?’ ittormat? bn equal’ precedente)! 
with earlier inputs, which might bé @ prététred®° attangemeit® for Bome! ap=? 
plications: herp anne cena & uty Bogaiuelia aved ejsateolorore4 
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words in the sentence. Thus the system could be as effective as people 
in recognizing the structural difference between sentences like, 

"Bring me the bottle of milk which is sour," and 

"Bring me the bottle of milk which is cracked." 
Such a study might contribute to our knowledge of the use of language 


and how people resolve ambiguities. It could investigate how much: 


Bey, 


give pegple. trouble, such. as "They, are. flying. planes.,,, Mtoyo amis oeu vols 
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Appendix I: Notation 


A.., Basic Gymbols. sit fies cee ee a — »if 


The PHEROSE of this section is to Present some of the forual 
sygeawedd al 4 eae fiand oSt 


logical ‘terminology ‘used in thia pabern! an, shes fohhowing List; :sNe 


use of -variqus:symbols will be explained -by meanacof-definitionsy: .£i 


t 


examples, qx statements qf interpretation, 0.1. 


seve and so forth. 
AsBaGs gece cy Ba gtecnrrs pater en for ang legical ee er rit 
< Mav a.» the propositional ponneotives.. 6. 29 
~A Wot A; “A {s false. ~~ ae 
AaB A and B (are both true). 
AMB con A ORS Boor, dothpe sen scG att ure GA yO" whe 
“ADB ~~" “A Tmplies B. gu! viet 
ADB A iff and only if B. 
KsYahe->+,.,,, Vardabless,,,.names; af, unknown objepts, or setae icn.c 
MpBrYs sae  CONStante;. names Of Rathionkar ahjects or. seat 
Q€éx Qisa member of the set x. 
we REY 0,  BAtyge Ls, contained, in: net... Besmincgxd .4 -H4 ,numig .@E 
agx (a x]; ,@ is, aptim member, of dhe net: Xe ted GEAR 
x=y x and y are the same ea or set. 
XPY ey ce : Ae i aa tok un ' 
Mag ss. Undyersal quent ister. symbol. | St. ee ES 
(Wx) universal quantifieysac: gem Pim Jette et 
(WX)A A is true for all values of x. 
oadyosu, 23, ex ptential. quanti fier; symbpla/ U1 . teromo.ck -fa 
“(xy existential. gquapts f4er og 22.99 ,S4G00R mu, gavel? 
(3x)A there exists an x such that A is true, 
COB r¥a.er- fan, unesdexed. set ef; $hesebjecke matted.” 3 ote «Se 
SA 0BD.« _q< She: esdered; padr ef Shei objects mamed.o/ic50) ta 
adf equals by definition; is defined to be. .'°0! 2.50% 


Cb 


> 
[ee] 
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B. ‘Subordinate Proof Derivation. Pe eee OP 5 
j "Subordinate sRxegf"..is.a method for.preving bogicaicdeductions!iti the- 


firetrorder pragicate.calculys (the seartificabtons] calctilus'!}yicBhe.<4 
Pave W¥.Mo p28 Ute moire Wad 
se cea at outlined here is due to ‘Prof. Hartley R Rogers, Jr. It AP sek 


ier: cht nee ah; A ale’ 4 BE Cane se i PR. 3f dam seM igorresioal 


similar ‘to the system of "generat tntetdned® désctitbed by sippew- th). 


inal : ix é a gy =p caN 
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Refinition:- Subordinate bi as ‘a ‘formula B from b finite, 
possibly empty, set of formulas @ : 
an arfatigenient of ‘ediémut ag’ a i pulses “gat e's fying’ | the cotidi tions: 


1) The firdt K lines of the derivation consist of the Formulas of g.”” 


2) Given n lines of the derivation ? Lie ea Hine ‘lay consist. of aay? 
formula whatever, if a new long bracket i n to the iste, ¢ of that di 


formula inside all existing brackets’ note aie Sub iy teed: nated. 


Definitioh: Ih a Subdrdinate Proof paivatioa, thhe neh ie balled a a 
ancestor of line if j<@and line j occurs inside no ‘Yong. brackets’ 
other than, those containing line £. ee 


ae 
gt 


roles fasoitsorie ee a 


3) Given’ ig lines of a’ derivation, the a ae line. may tae” We " ‘Epos 
la A (without a new long bracket) if 
i) A is a known true theorem, . ib7 “ Sener eee ae 
ii) A 18 implied, in the “propositi: 1% ‘ca uF & y, any eet. | ae 
formulas in’ aficestor. lines ‘te the t teal ae 


can Be obti ined ‘from 1 st ine’ a eon 
alos ct = i a eeu te te in ie ay aes bee 


se OF the metho Psi is ee hee 


Defihiticns: Let A be any Ebrmula, ae 2 Neg ae at A pene 
‘ =df the formula opt alana From A “by Su $eedte ng or vey: ‘free 

re) ence of @ in A, .» for eyery ° t wit 
_ scope of a’ i ARETETEY Bab alae Mea Peas HP Bde set satbin ie 
“ US =df Universal Suecitication.” by. which wee becomes ok 

UG =dt Balvérsai Generali cations 87 whith Prone a 

ES =df Existential Specification, by which (3a Wee ae 

EG =df! Kkistential’ General 12acions bY wick a A cet Nine 
“Il =df A rule which all insertion of a f rmula of the fort a ; 

12: =4f A rale'by whieh>Gamg,aP leadaieolsahici od) vi eeides sss eo 
Certain conditions restrict the allowable abe of most of these auae- 
tifier transformation methods. These conditions, which’ ##late!to-> 
conflicts between variable interpretations and serene. between 
constants, are: toosinvolved: to: praséht ta thdereutdines::*. oaue 2: 


tloitab 


4),An innermo at ‘ong: bracket.: way: be: terminated. at! (ead including): the: 
mn. line if we write as the n+1§° line [As#C] where A and C are,respec- 
tively, the first and last formulas in the long bracket in questtong:) 


5) An innermost long bracket may be terminated at the ath line if that 
bracket begins with a formula ~A and has for its last two lines C and 
~C, for some formula C, if we write A as the n+1%* Line. fr 


6) The last line has no long brackets and is the formula’B.: sare pe ee 


arene rae ae uaLawet 3 €e¢: 35 0X9 Ny bp beds 1. “way, PUSSY 
ain Theorem iven here without proof “Te there is a Subordinate 
proof Derivation of B from Q, then B is quantificationally 
deducible from Q. 


formula in ii), by eliminating: Frausnk tts 
“VILB. 


7 _ Appendix ALi. Derivations, of SIR. Ga ae aca 


_ Each of, the 23 deduction procedures, oo sted” i 
ehearep of the SIR1 formal system. , The proofs, ea below, oy, : 


generally consist of four statements: said daeaeies 


i) ~ the SIR deduct ion procedure, | as  itaced in table | b. | s 


ii) A corresponding - SIR wif, PEPE B iaiae use of the | CORRE: rabbe't 
sporidences: ‘of ‘Table’ Ge, ak 


a <5. ae ee ~ a re . a 7 
iii) The quantificational calculus statement’ ‘oBt dined from the 


ders as pace apeE ahs 5 ER ce 


Pras 
ues 


iv) The outline of a Subordinate Proof. Uetivat lon ‘for the | ‘state-. ae 
ment in iii). © These proofs | lare “out lit es” in’ the, sense that . 
occasionally several steps are. combine “into. one, line nianbere 
used ag meta-symbols to stand for asa y, expressions, and. der fret ore 
rules of inferehcte such as “motes ponens' are used when convent ee = 
However, enough detail. and explanation, ig presented so. that. a 
formal "SPD. an cafi pastly, ‘be, "contested (iF dee ae oo . “ 
ay 


Wat: ee 


ae ‘Adgboiib of stRi as given’ ‘in’ ty he, a. ‘and its. ‘Hise et 


OCOD 


definitionsy are. ‘introduecd inta, ‘the subordinate, Bisots. ag exvel! 


ad 


2 TAT 
marr 


theorems. o.whenever necessary, stintvernal. bantification. over: sil a 

free variables. in ‘the inttial and, ind statdnents: in ake: Following. , 

proofs, is aseumed. ght Sea “at p PP gar BO Robo 
In aac cubes; the proofs of $&B: deduction puacudcees? icon ae Q 


pomenmucniedas from. a exons: or: Scieiag bene Bo° ‘that: ee are), ie 


ude £35 eae od & ce ae hie io 
suneeeueare. : ; ee ee Sch dee Mgt a eee ak b oN 
xCy, yOzmxCe ae . gS RFS ee Vdd EEO cat ha ee sina SLEL ae) 


(va) logx=saty] a (va) oo > (Wa) eeodaet 


POC US 
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1. [ (Wa) laex saty] , (WV a) [aty pez) 

2. | BEx> Bey US1 (by US in Line 1) 
3. | Bey> pez USL 
4. Bex 

5. E 4,2 
6. Béz 5,3 
7. | BEx>pez 

8. | (Wa) [aéx >aéz] UG7 


1.>8. qed. 


2) xFyS>xcy 
x=y > (Waeéx) [aéy] 
x=y > (¢% a) [aéx Saty] 


x=y 
~(w7a) [ao€x saty] 
(3a) ~laéx a aey] 2 
~[ Bex >Bey] ES3 
BExa ~ BEY 
Bey I2-1,5 
~ BEY 5 

(Wa) laéx> a€y ] 

1.38. qed. 


OnmDUO WDM 
» «© » © © &© 28 @ 


3) equiv{x;y]>xCy 


x=y = (wv aéx) [aty] same as 2). 


4) Axa xCysaty 
aex A (ww BEx) [BEy] >aéy 


aeéx a (oe B) [BEx>BEy] Saey 


des fsecoe 

2. |aéx>a€¢y USL 

3. Lofty 1,3 
1. 3. qed. 


5) JF (equiv) 


(=) axiom. 


ro] 
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6) @ (equiv) tome yar bts: WHA ea ee wey | 7 
Ota ee BSD Pe ety | 
Qe) axiom. 
7) AL cequtv) 
din) axiom. 
8) -~owng[x;x] yd OK 
(7 ax) (GBEx) [ownb[a;B)] Pytsaht coche) yee 
(ownb) axiom. - 
irs iv‘) ev 
9) owng[x; yincuCyaonialx: z] (oe as Ny a 
eR eet Se we fo} ii 7 
(BEY) (Jax) Lownbla3B]] A (wakz) logy] > (ow see) oes) RTS ey} 7 = 
(wo BY [BEy =» (9a) [a&x Aownb[a;B11] A Ww a) [aéz waty] ‘3a | | 
p(w B) [Béz (Ja) [A€x Aownb[a;p))) - a oe | 
1. | (ov B) [BE y »>(Qa) [a€éx a ownb[a;BI]]] A fw a) [aéz=paty]} <ceD _ i 
2. | ve¥=p (9a) [a€x~ ownb[a;y] ] US1 
3. | YEzpyéy US1 
4. | yéz=p (3a) [aéx A ownb[a;y]] ; 3,2 
5. | (w B) [Bé z = (3a) [a€x Aownb[a;8)]] EPRI LE HR 
1.95. qed. as ' 
2B Lowe se Elo we 


10) owngl[x;yla xCz>owng[z;y] 


Cw BEy) (GA€x) [ownb[a3B]] A Cw a€x) [aéz] =p Cw BEY) ee eareny ‘B1). 


agp SA DY 


(wB) [BEy (3a) [aex Aownb[a;B)]] A (wa) oe eet 


=> (7 B) [Bey (3d) [a€z A ownb{a;B) ] Hen l(a ese 2 


L. | (wB)[BEy Ga) [atx ¢ ownb[a; BHA) [oex plese OH wo a | 
“ bite [agx~ ownb[a;y]] oe Sygy | 

° shed me ; 
4, (3a) [a@x Aownb[a;y]] .bsp 49 ld 
5. “ex Aownb[p;y] ES4 
6. MEX LEZ US1 
7. | | nez Aownb[y;y] 6 
8. (3a) [a€z A ownb[a;y]] eee 
9. 8. ; 
0. (wb) Epey =9(30) [aéx , ownbfer; B)) ] ved 


1.5910. = qed. 
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11) ownlasy Tx xCcasivtitesyp Pee CBE a Be Cee 
(Zafx) Lounb lay] AY Git tobe} > Goste)towrbers9 1) ey 
(2a) [atx Aownh fax] ] A (wa) [ak pate] ap, Go) foes om, len 1 


(34) loex mownb a yA (wa) lagzapage | 
BEX Aownd[B;y] Seen Pal : 
Seeley sy] Pie ene. ver ee 
a OE ae ere eee - “EG4~ - 


Be 


ka 

ry 

© ned 
yo RR 


12) ownglxsy] q z€y pown[ x; 2] 
(BEY) (Jaex) [ownb[a; B1] a 2€y =p (3aex) lownbla;z]) aes ieetiee 4h 
(WB) {8 €y = (9a) [akx gownh[a5B] la a€y. 29) oe acupplass]) ae 

(7B) [pty GO) latxaowmbla;Bllasty.... .. _, 
: soa kode sets a ce 


Qa) [a€x , ownb[a; z) : 1,2 
enc ey qed, 


13), og Partg liz] be as an . i . ie ee “| . : 
Peis (39€x) [partb[a;p}) | ‘ 


axiom. 
14)" are yl azCy>partg[x;2] i 3 
wo BEY) Qaéx) [partbla;BIT A (waetey fo) ab tw pds) CHRO fparen: user ' as 


Proof is the same as proef of (9), with “ownb"” replaced by "partb." 


: OD ede chi hess se yen te, ane ete 
PAG GTR GS iia rs PTT 


15) part (xiv) qxC pappartizsy] : Bee ; ee i erp Hees ae) Cag cF 
Goex) [pareblasy}1q, Gv a€x) Jae] Gaga pars hla a aay 


2 > Nees, 
PPM Lae A 


Broof is ‘thie! Waki’ as Proof of (11¥ wht’ "ovhbt? Legtiaoad by ate 


16)  part[x;y]q partglz;x)=ppart{z;y] 


78S UNBeA L! -YS1 Barriac) 


}3? 
(Ja€x)[partbla;y]] ,(v BEx) (Jaéz) [partblasal lae(gnéetpartblasy|), 6; ) 
Ga) srk, selegeaadl Cc CB) eB ga RAE IEAAIA Joc wo} GWE) 
xy 


=a) lagz apart biel 
ivickdawe asd Jee HAL Poa ALiyruldpwe a co] G8) 

1. | @a@) iaéax Beeeb ESAT wv By hex: 25 (Cia) ig bo parent; aft al 

2. | yexapartbly;y] [sSoeexgr] fo Ww) AEE co] dawo, #3 } yt gi 
3. | vépp (3a) loezapartbla;y]] * ja ivialdavod a g 
4. | (ataez, partbla;y)] 3 2 
5. née partblusy] eile Lb 
6. rtp) fiviscldawa a ae ate 
7. partb(usy] q partblysy] =>partblusy] bap = 


8. | wezapartb[p;y] 
9. | (3a) [a€z A partb[a;y] ] 
1.9. qed. 


[stalawoe «3s alyixlonwo (21 


HAY) go *y Ys j I pda wo 
17) partalxsy] » néy appar [x A Bs Eta WET UGDE S438" 


(vBey) Gaex) fparthte BIT. Sapa Abas ey es 


& (QE sic er? af 
Proof bs, the same as proof of (129° Bae! wii hi rentaned Uae ‘aid Sad s 


Gil fis; eae wees (08) 
2L9Op steed 


Lemma 1: (wa)(WB) (wx) [single[x] , @éx ~ PexsanB] 


1. [single[x] A a€xa bex 


2. | a) [aex A(w B) [REx »B=0) ] “¥ raat. of Single | 
4. a€éx maxy Pree eee! oe J uN 

5. ay 136° 

6. | béx =b=y . uS3 

7. | by 1,6 

3. ioe. ferlgarsqe Ds 4 berxdgsbhle4al 


(WO) (Ge, B:) Ar 2 Laanehe ALAR APES POOAL, 982 old ssc} G38) Bh 
6djdesqg’ yd Geoslqaa Sdawe daiiw ,(2) to Teusg as ome ang as toord 
18) = right [x;y] =>~right [y;x] 


(3a€x) (Jp€y) [(rightbla;B]] , single[x] as ere 
=~[C a y)(B x) [rightblasB]]A singlely ae 5 fs z, q 

Re Sy std ame a 
(qa) la€x , Cap) [Bey a cighebla;BTTT A etoplelal A'eiasrefyy (28277) OB) 
7 74,20) [REL AGAL BGA RsBHEDIO Ald) apinghelyinsinsteleh i accs4 


(ei 


BP. Shah gdsts Aw Alek Op MMA, ee ei Pad eee A Pigg gahecd sean fy 
fi2jicegtel«: slgdceq ai AXP IVEY {dl 


20) Te SBP Ss re Rac et ay, ee SR Rg 6 en Am Ret Ete otaiies Gedy ae ey 


153 
1. }(30) [a€x a (38) [Bey cera aacacabads astnglely} es ; 
2. vex a 4B) [Bey arightblysp]) ’ erate ae) oe 
3 dugyartohtblysu), jc ce siete asia 9 ichs aol. 88 ae 
4. | { Ga) laey apd tex A rhehtbtar Te PO EGOS aN ARIE a ae BOT 
5+ | | Weyn GB [Bexarighthlwspl) eds. ataveses _ES4 © 
6. Nex aright’ way 4 Cin ee gets er EBS ne 
re singielx]: SR YER A MEK BYE” 8 er ton NNER ES See er aye US-Lem.1 
8. || y=A ee (1525657 
9. | | singlely] , u€y Aweysutw Pe re ee ae “USéLem. 1 
10. | {pee as a aa ames i 
11. | | Pightdla;0] - ee ee ee i 10512 
12. | Lag (rightb) AG goad ans Se ce Axiom ~~ 
13. “eightb(\;w]=> ~rightb[w;A] Se ei eens |} ta 
14. ““Srightb[{w;r] < ana pees Fes) : 
15. | tr pigheb lu; J] ee a Se 
16. ee _ pre 
17. oH. A see abate oo : Pe a” Be iD 


1. > 17. qed 


19) of (right) 7 egies 


Caen) Ghey) [rtgheb los Bll ~ Gooey). capes ExtonenlasB)) astogtel 
Asing lefy] a sini gie tz} hee eee 
GSES URC} TE EghES a) a single[x] q singlets) AR Oa Gees ot) 


(3a) [orex aad [péy qrightb[a;p1)1, qo Toya GD INGE tebe 6) i. - 
Asingle{x] a singlely!, single{z} a 
= Ga) [o€x a GB (REZ rightb[a;B)] ) Asinglelx], AE singlelz) 


1. | Ga) [oéx aCe) |oey aciaheolaspllIAGhe lary a GP) |Be¥ A HiNEbLa:B 1 
Asinglety] 

2. | vex a GB) (Bey, nrightbly;8] Sie ee, Oh ace woe _ESl 

3. | veya rightbly3u) ene oF ge re 

4. | oty a (3B) [BEz, Arightb[w;8]]. ee ee ees | 

5. |Aey A rightbfw;p) © Pe eee “es “ES4 

6. | singlely] qa Léy A wey Su=w Z US-Lem.1 

7. | pew ee Gi MA aS res 

8. rightbly3w] 3,7,12 

9. | 7 (rightb) Axiom 

10. | rightbly;] , rightb[w;n] sprightbly;A] _ - , , Us9 

11. | M€z a rightbly;A] ee a ee Lr) 

12. | (3B) [Bez arightbly;B)] gale —- EGIL 

13. | yex ql2. : me SS ae Sees” See eS 

14, a) lacs 4 (3p) (Bez arisheb[asp11] . ee ee 

15. Lie=pl4 Seay aed ASP EYRE St Bile} 


Ls qsingleLx] asinglelz]=p14. asinglelx] Asinglele) “ged. eae? 


ot 


20) Jedghel sty) vadaee ley, Hen let ees: in 3b) A ee 


(aaex) (aBey) [jrightbla;B)] poingle[x) sabbbaeast ane uo A 
=> (Jaex) (aBey) [rightb[a;B)] aatnaiplélnsieadelid cae | 


rau fot 
@a){oex AGB) (Bey Ajrightbla;B))) asingletil’ AY - .; : 
- = @a) [vex A (3B) [Bey Arightbla;B)}] a sipglell.A rae i. 
1. saa) idex a Gp) ine aavieten lie) eee et eee, 
2. byex,, (3B) [Bey ajrightbly;B]] per ee Te ESE 
3s, bey jrightbly;u] A wctwae. BSR 
4. | Owx) Oey) [jrightb[x; yl rtgnettsiylT dom 
5. | frightbly;u] -prightbly;u] engi Gee esta Gadd Mey 
>; ueyvstene lyse SE ee an 
7. | (3B) [Bey arightbly;B]] ee Cae 
8. |yéx a7. ie dale 257. | - 
9. | (Aq) [aex , (3B) [Bey Arightb[a;B))] Bt ica lee Sabato pea) 
0. 139. - po Ree ate 7 > : Sein 
1. q single[x] , single[y]=79. a single[x] , singlely] qed. — 10° 
21) jright[x;y] , aty > wjright [x57] + 
Note: the sik ‘programs assumed that tibgy was ‘eguivalent’ bo ‘the. me _ 
berpre-. 


assertion, "the zZ is: net, the : 8. latter ed iat z 
tation can be expressed’ ditectly ae ARE. PrEREReS dat 


Sz) p,singledy] 7 pene aera 
mere eres sagt ce give cee "dbpkeaponadns, fs RDA is: 
(goex) (apey) Ti rightbta; p11, sihgtelx) asingléty!’, singtet2] | 


g AE ty 
1a BR SRP yc sigheblasB) , Stnele fs Kettglel at mee . 


(Ga). Tex , (28) [Bey A jrightblasp])] Asinglelicl , saben tne 
A CW ot) [a€z pa¢y] 
=~ @a) [aex , (38) [Bez A jrightbla; p73: sii Renee) 


sche in the proof of (22) below. RA NS . 
ra er 
22), jright(x;y]l q iepcjedete eee ee a | no" 
As discussed in the above note, the appropriate str. ‘stat ouent ‘is: - 
@aex) (ape yi jrightbla; B)) Saaen SINGIN ‘singlets sr am 


Aly aea)logx]; =; 
=>~[ (gaez) (3Bey) [fright (a; sely ,singlete)", A ‘singlety]” 


Be 


135: 


(aa) [aex , (3B) [Bey a ‘dada sB1]] 4 sihetelikt {siagiely] ,singietz] 
A Ae Teste =>agx 
30} tees Tiapy toey:g ieuaNEDIERpTAD AI piglets x! biagtalyy> ; 


(3a) [aex ACB) TRY dri eects BIT} Aeshihs 5 i ae 
AEX OEE SaTTRE eS Bl) Nie sittneas suet «cc 


yi 

FEA ayn tnce shad KEs A XB COE) Doge 
Alatn => ~4: ieee oo es 

a) Flax Bu ainlige fe Sean “ rightbla; mii as A 

‘Binglelz] , sik a oe ee 

54 Ga) Laex Sa tigate [Rruldad 

“Lyex , 7B) [B€z Ajrightbly 5B) } a. 

puez a jrightbly;p) 

» | Singlelx] , A€x , vex =py=h 


. urw =p ~jrightbfrA;y] 
“| wjrightb[A;p] 


J 24 vey, q 
“EJ péz uty ; 
Abd] BRP. - 
: ao u€ © £ y 

€y. i 


Tet jrightb[A3y) , - 
iv “28. a single(x] , single(z]] See en bet BaD oe 
ie inglelz] asingle[x] , (Wa) faéz #a¢x] ee eae oN 
3a) [vez A(3B) (Bey A jrightbla;p) 1) ia eae Oe aeons 
Jaez, (AB) (Bey ajrightblasp]} = BBS 
“4 bey , jrightbla;b] EPS PEN Seg ene ae By, 
singlely] , bey ,wey =yb=w 8. Eheim. 1 
=u) 1,27,3,28 
a€z >a€x US24 
[a= 
ee 26,30 
€x 2,31,12 
aftr 
af\=> ~w jrightb[a;w] US6 
a jrightb[a;w] 34,35 
jrightb[a;w} 26,29,12 
~25, 
_~[25.q single[z] ,single[ly]] 38,24,1 
24.239. 
[7 => 22.1, [24 39.]] 23,40 
1.=> ( (7 =922.Ja(24.=939.]] 
[1.=9(7.22.]] , [1 9124. =939.)] 42 
1. A7.=322. qed(21). 43 


1.A 24.2339. qed(23). 43 


196; 


23) -.ishslxsy] q vightlyse] spodright tage) sco ip . esgl ae: 


hociemianneal | nace) needixsanevielhl “adage 


a singlely] , single 
rca (J0€«) 43 BE e) Genie. 3]) neinghal x] Asineted2}] 


PRAES 


Gayiees (28) [ey a rtgnebla;8)1] 9 Go) bey, GB th be giibinest 


:msingle[x] asinglely] Asingle[z 


=m Ga) [aex p (3B) [Bee Jrighthios811). aainebes i. sipatelel] 


Arightbla;B))) A single[ wl meng 
wéex a (3B) (BEy arightb[u;B)) 
wey prightb[p;0] 


van ae sel (ge A 
i Bel ctya3 i 


versa (2B) (BEz Arightbly;B]] a coe 


wey: 
rightb[w;A] 


tb[p;w) , rightb[w;\] => ~jrightb[y;A] 
riga) [aex (78) (Béz ajrightb[a;B}])} 
mex pn (3B) [BEz Ajrightb[a;B]) t 


yma 


eeu: sna ips oe 


bez a jrightb[a;b] les ey ee 
ch, Psimgle[x] , u€x , a€x =puma peed eae 


r 5 cone ¥3\)] ee ae ; ve 


po ltho ed (wz) {rightblx;y] arightbly;z] = ~jrightb[x; al), 


16.:]; }adngle[z] , \€z , béz=A=b Te ere ee eee 3) US+L 
18. jrightb[y;A] - - ats ag UBy Ly 17432: 
19. ~jrightb[y;A] he ike r rasb 19 . - 
ay leery san Ua IC) ase 
21. Lowfil. asingle[x] , single[z]] ote yee a 20, ae 
here eee yin taste) b las 
, = [ne sta 
eee 
can. oe itt 
eo AE 
ULSTER ype be 
OPee att pe hoe tT) ape 
i See ee Ces oe MR 
hee. at alt bake, ee 


a. SET-INCLUSION 


(THE NEXT SENTENCE IS . 2) 
{EVERY KEYPUNCH-GPEKATOR IS A GIRL} 


(THE FUNCTION USED IS. 2} : 
SETR-SELECT - 
C(GENERIC . KEYPUNCH-OPERATURI (GENERIC . GIRL)) £2 

(THE REPLY 2 2) = 

(THE SUB-FUNCTION USED IS . 2) f 

SETR 

TKEYPUNCH-UPERATOR GIRL) . 

(ITS HEPLY © 2) E 

(1 UNDERSTAND THE SUPERSET RELATIUN GETWEEN GLIAL AND KEYPUNCH-DRERATOR? 
(1 UNDERSTAND THE SUBSET RELATION BETWEEN KEVPUNCH-DPERATOR AND GIRL) 


UTHE NEXT SENTENCE IS. .) “a 
(ANY GIRLS TS AN EXAMPLE OF A PERSON) - 


(THE FUNCTION USED IS . .) 

SETA-SELECT 

CUIGENERIC: 2.GIRL) (GENERIC . PERSON)? 

(THE REPLY « 2} 

(THE SUB-FUNCTION USED IS . .) 

SET ; 

(oERL PERSGMD 

{ITS REPLE “, 4) 

CE UNDERSEAND THE SUPERSET KELATIUN BETWEEN PERSON AND GIRL) i 
a mens eae THE SUBSET RELATION BETWEEN GIRL AMO PERSON) a i 


i. NEXT, SENTENCE IS. .} 
a KEYPUNCH-OPERATOX A PERSON U) 


{THe “FUNC USED IS 5 .} ‘ : 
St PRO-SELECT : 

“Ug MERIC KEYPUNCH-ORERA TUR) (genERIC . CERSOMHT 

TTHE REPLY SO) 

Te _SUs-QURCTION USED LS . 09 

SETR@ : 


iceman Penton) 
{ITS REPLY + oF 
“WES 


(Te NEXT SENTENCE IS . .) ; 
(iS A PERSON A PERSON Q) i sdoalitd Sites She setae RRS fe Sasa 


(THE FUNCTION USED 1S . .) 

St TRQ-SELECT 

( (GENERIC . PERSON) (GENERIC . PERSON}) 
(THE REPLY . 2} 

(Tite SUS-FUNCTIUN USEO IS . .} 

SeTRY 

{PERSON PEARSON) 

{ITS REPLY «. o) 

YES 


(THE NEXT SENTENCE IS . -} 
{IS A PERSON A GIAL Q) 


{THE FUNCTION USED 1S . «) , 
St TRO-SELECT S 
CIGENERIC . PERSON) (GENERIC . GEALD) - 
(THE REPLY . 2) 

(THE SUB-FUNCTION USED IS . .} 
Se Tre 

(PERSON GIRL} 

(ITS REPLY «. ~} 

SOMETIMES 


(THe NEXT SENTENCE 1S . of 
(1S A MOMKEY A KEYPUNCH-G@PERATOR G) 


(THe FUNCTION USED IS . ») 
SELECT 

TigenentC « WONKEY) (GENERIC . KEYPUNCH-OVERATOR) F 
(THE REPLY. 2) 0 

(THE. SUO-FUNCTION USED [8 . 2) ~~ : 

SETRO : i : 
(MOMMEY KEYPUNCH-OPERATORI te eo, . us 
STE PSEREPLY 0} se 8 

CLNSiSF FICIENT INFORMATION) 


APPENDIX I: FULL-RESPONSE OUTPUT FOR FIGURE 5 


(Tee NEXT SENTENCE IS . .) 
(MAX 5S AN 1BM-7094) 


(THE FUNCTION USED 1S . .) 
SETR~SELECT 

(CUNTQUE . MAX) (GENERIC . 164-7094)) 
(THe AaEPLY . 2) 

(THE SUB-FUNCTIUN USED iS ~ .) 

SETAS 

(Ran [88-7094) 

{ITS aEPLY . .) 


11 UNBERSTANO THE ELEMENTS RELATION BETWEEN MAX ANU 184-7094) 


11 UNDERSTAND THE MEMBER RELATION BETWEEN I8M-7094 AND MAX) 


(THE MEXT SENTENCE IS . «) 
{AM 104-7094 [S A COMPUTER) 


(THE FUNCTION USED IS . 2) 

SETR-SELECT 

(IGENEREC . IBM-7094) (GENERIC © COMPUTER)} 
COME REPLY . 3 

CINE SUB-FUNCTION USED is 2 2) 

SETA : 

CIER-7094 COMPUTER! = 

CITS aePcy . .} ; 


C1 UNDERSTAND THE SUPEASET RELATION BETWEEN COMPUTER AND 18-7094) 
Cl UNDERSTAND TRE SUBSET RELATION BETWEEN 184-7094 AND COMPUTER) 


(THE MEXT SENTENCE IS ~..) 
{1S max A COMPUTER Q) 


(THE FUNCTION USED is er 
SETRO-SELECT 

(CUNIQUE . mak) Ioenen it «: COMPUTER} 
(THE REPLY . GD ; 

CTHE apes hes. use As. = “) 
SETRSQ 


(max COMPUTER.” 
(ITS REPLY. 4) 
YES : 


a. 
os 


(THE NEXT se OAS ofa? ' 
(THE BOVIS al ekg il: j EC a 
(THE FUNCTION USED IS. .1” 

SEVA-SELECT 

((SPECIFIC . BOY) (GENERIC . MIT-STUDENTI) 
(THE REPLY. 2) 

(Tit SUG-FUNCTION USED IS . .) 

SETASL 

(8OV KIT-STUDENT) 

{1TS REPLY . 0) 

t602@00 IS a BOY) 

(1 UNDERSTAND THE ELEMENTS RELATION BETWEEN GOZ@40 AMO BUY? 
(1 UNDERSTAND THE MEMBER RELATION BETWEEN BOY AND GO2840) 


(1 UNDERSTAND THE ELEMENTS RELATION BETMEEN GO2840 AND MIT-STUDENT) 
CL UNDERSTAND THE MEMBER RELATION BETWEEN MIT-STUDENT ANU 602840) 


(THe WEXT SENTENCE IS 2 2) 
{EVERY ALT-STUDENT IS A BXIGHT-PERSON} 


(Tet FUNCTION USED IS . .) 

St TR-SELECT 

((GEMEAIC « MET-STUDENT} (GENERIC . BRIGHT-PERSUNI) 
CTHE REPLY . 2) 

(THe SUB-FUNCTION USED IS ~ .} is 
Seta cP 
{AET-STUOENT BRIGHT-PERSOND 
CATs REPLY. 2) 


ra 


CE UNDERSTAND THE SUPERSET RELATION BETWEEN BRIGHT-PERSON AND MIT-STUGENT) 
€L UMBERSTAND THE SUBSET RELATION BETWEEN KIT-STUDENTE, AND BRIGHI-PERSUN) 


Ee 


(TWE WERT SENTENCE IS 2 2) |” 
(1S THE BOY & BRIGHT-PERSON Of 


(IME FUNCTION USED IS . .) 

SETRQ-SELECT 

CUSPECIEIC . OGY) {GENERIC .. BRIGHI-PERSONI} an 
(THE MEPLY . oF iM 
CINE SUB-FUNCTION USED IS - 
Setasie 

(eur GRIGHT~PEREON) 

CETS REPLY 2 02 

YES 


: 
CINE WERT SENTENCE IS. 0)” 3 
isome 1S 8 ve : 


{THe FUNCTION USED 15. =) = ‘ “ 
SETA-SERECT ay : : 
(iunsaue . Jom (oemcnic . 
Cine Yee 

(i we suite wseo 1s 


sr 


ss. Gitecea “onde AND epi 


ve bo 
rie 


em 
‘ 


red eext setdhitca iss » a 
(LS: THE sors ‘gti —rapom @ a5 
(fae Fuwcr ion used tr) 

St TRQ-SELECT 

(ISPECIFIC . BOY) (GENERIC . BRIGHT-PEKSON)) 
(THE REPLY . 2) 

(THE SUB-FUNCTION USED IS . .) 

SETHSIQ 

{SOY BRIGHT-PERSON) 

(11S REPLY . 2? 

(WHICH BOY . . {602840 JOHN)) 


"OE TOEEN ony AND. JOH > 


(THE NERD SENTENCE IS . 4) 
(THe MAW IS A JERK) 


(THE FUNCFION USEO IS ~ .) 

SETR-SELECT 

CLSPECTFIC » MAN) (GENERIC . JEKK)) 

(THe REPLY « od 

(¥Mk SUM-FUNCTION USED IS . of 

SETRSI 

(man JERK) 

(iTS REPLY . 2) 

{602840 [S$ 4 MAN) 

{i UNDERSTAND THE ELEMENTS RELATION BETWEEN G02840 AND MAN} 
{& UNDERSTAND THE MEMBER RELATION BETWEEN MAN AND GOZESQ) 
(3 UNDERSTAND THE ELEMENTS RELATION BETWEEN GOZB4C AND JEWK) 
(1 UNDERSTAND THE MEMBER RELATION BETWEEN JERK AND 602840) 


(Tee NEXT SENTENCE IS . ed 
LJAcK $$ 4 DOPE) 2 


(THE FUNCTION USED IS . +] 
SETR~SELECE et 
TEUNEQGUE 9: JACK) (GENERIC OoPE)} 
(THE APL. -) 

(THe SUN-FEINC TION, USED % 
SETRS a ; 
(Jace DOPE) x me 

(47S BEPLY. 4g 2) x 

(i WNOeasT THECLEMENTS NELATION BETWEEN JACK AND DOPE? 
(1 UNDERSE THE. sneneey: § ELATION BETWEEN DOPE AND JACK) 


Me 
Cine NERT ienrened Ise: ; . 
(ia Ts seer : = é & 


(tHe FUNCT used iS. a A & & 


sere sacect. e ES 
tundaup . Onn) gtaue: sack ok 


(THe REGLY | 2] « 
CTH Sua rig T ON USED I Se 7 * 2 
caus oof : 5 ‘ ae: A, oe oa 

4 : : ar eS ee: os ' 


oe gp ado Yao) ; F 
7 ea £ wv yar aN 9en EER son ANDUACKD 
mets oars (UN eT eee JACK, AND: “aon oe ee 


T 


FF ray, dsev fs . a 
CF 


(tule «SCHR beGHERIG . burg): ~ 
(THe -nteur sr 

(THE SUB-FUNCTION USED IS . .) 
SETASQ 

(JOHN DOPE) 

{ITS REPLY «. 2} 

Yes 


(THE WEAT SENTENCE 3S «© 0) 
(1S THE MAN A DOPE @) 


(Tre FUNCTION USED IS. .) 
ScTRY-SELCCT 

CUSPECTFIC 2 WAND (GENcCKIC . COPED?) 
(THE KEPLY . o! 

(THE SUB-FUNCTLUN uSeo 1S 6 0) 
SETKSIQ 

(MAN DOPE) 

(11S xEPLY 2 0) 

CINSUFFICTENT [WFUKMATIUN) 


(THe NEAT SENTENCE. 1S. «) 
LE beaded TS THE MAN). 


{THESE UNG T LON use® is oe) 
SETASSELECT 
ti + JOHN} isRecrFtc « MAND?) 
CTHEMERLY 2 0d 7. 
cuore nation ‘yeeo IS 2 2) 
wae) « : 
IV Fewageey 3 ds 
ast (we tauryv weLaTi QN BETWEEN JOHN AND 4G254U) 
4 ore THE = RELATLON BETWEEN GO2Z840 AND JOHN) 


x 


ok 


CHNE EAT sprrence i.8) 
(1S THE Bawa OGRE: Ot 
THe fwer sin USED: IS . ot 


Ops ie * MAM) téenenic . obPEN) = 


wee sc 


hints aeigtion ugrieen JIM AND MAN) 
ER APLAT ION GEER MAN AND JIM) 


CTHE NEXT SENTENCE IS . o) 

{91S FRE MaN A OOFPE Q) 

(THE FUNCTIUN USED 1S . «) 
SETAQ-SELECT 

(CSPECTFIC . MAND IGENENMIC . DOPE}) 
(THE REPLY . o} 

(THE SUB-FUNCFION USED IS . .) 
StInsl@ 

(MAN DOPE) 

(17S REPLY «© 2} 

{wHICH MAN 2. « (G02840 JIM)) 


2 Highadhtberi design ih et SL 


(THe WEXT SENTENCE IS « .) 
{EVERY FIREMAN OWNS A PAIR-OF-RED-SUSPENUERS) 


(THe FUNCTION USED IS « o} 

OwN-SELECT 

C{GENERTIC « PAIR-OF-~RED-SUSPENDERS) (GENERIC « FIREMAN) } 

(THe KEPLY « 2) 

{THE SUB-FUNCTION USED IS «. .} 

OWN 

{PAILR-OF~RED-SUSPENDERS FIREMAN) 

(1TS REPLY « 2) 

(1 UNDERSTAND THE POSSESS-BY-EACH KELATION BETWEEN PAIR-UF-REU-SUSPENUERS AND FIKEMAN) 
(1 UNDERSTAND THE UWNEO~B8Y-EACH RELATION BETWEEN FIREMAN AND PAIR-ONF-RED-SUSPENDEKS) 


(FHe WEXT SENTENCE IS « 0) 
(DUES A PAIK~OF-REO-SUSPENDERS OWN A PAIR-OF-RED-SUSPENDERS Q) 


{THE FUNCTION USED IS . .} 

OWNU-SELECT 

(IGENERIC . PAIR-OF-RED-SUSPENDERS) (GENERIC ~« PAIR-OF-RED-SUSPENDERS}} 
(THE REPLY « 2} 

(THE SUB-FUNCTION USED IS . 4) 

UwNKQ 

CPAILR-OF-RED-SUSPENDERS PAIR-OF-RED- SUSPENDERS) 

(iTS REPLY «. ot 

(wu #* THEY ARE THE SAME) 


(Trt NEXF SENTENCE 1S « oD 
(DUES A DUCTOR UN A PATR-UF-REU-SUSPENDERS Q} 


{THE FUNCTIUN USED 1S « a} 

OwNy~ SELECT 

{ (GENERIC . PAIR~OF-RED-SUSPENDERS) (GENERIC . DOCTOR)} 
(THE KEPLY . .) 

(THE SUB-FUNCTION USED IS «2 2) 

UWNRY 

(PATR-OF-KEO-SUSPENDERS DOCTOR) 


(1TS REPLY « o} 
CINSUFFICIENT INFORMATION) 


(THe NEXT SENTENCE IS « o} 
(A FIRECHIEF IS A FIREMAN) 


(THE FUNCTION USED IS « o) 

Se TR-SELECT 

((GENERIC « FIRECHIEF) (GENERIC . FIREMANI) 

(THE REPLY « «) 

(THE SUB-FUNCTIUN USED 1S ~- o) 

SETK 

(CF LRECHIEF FIREMAN) 

({1TS REPLY . .) 

(1 UNDERSTAND THE SUPERSET RELATION BETWEEN FIREMAN AND FIRECHIEF) 
(i UNDERSTAND THE SUBSET RELATION BETWEEN FIRECHIEF AND FIREMAN) 


(Tit NEXT SENTENCE 1S 6 -) 
{DUES A FIRECHIEF UWN A PAIR-OF-RED-SUSPENDERS w) 


(THE FUNCTION USED IS - «) 

OWNw~SELECT 

{ (GENERIC . PAIR-UOF-REO-SUSPENDERS) (GENERIC . FIXECHIEF)) 
(THE REPLY « 2) 

(THE SUB-FUNCTION USED IS . 2) 

OWNRQ 

(PAIR-OF-RED-SUSPENDERS FIRECHIEF) 

(iTS REPLY « 2) 

Yes 


d. OWNERSHIP, GENERAL 


D1DadS ‘dIHSUANMAO “2 


(THE NEXT SENTENCE IS .. 2) 
(ALFREDO OWNS A LOG-LOG-OECITRIG) 


(Tit FMNGTIOM USED IS . «) 
OUN-SELECE 

(AGENEREG, 4. LOG-LOG-DECITRIG) (UNIQUE . ALFRED)} 
(THE REPLY «5? 

Drea 5 SUB-FUNCT1ON USED IS . 2} 


ene ALFRED) 

Tak ’ 

re 1aND THE POSSESS RELATION BETWEEN LOG-LOG-DECITRIG AND ALFRED) 
FANO. THE OWNED RELATION BETWEEN ALFREU AND LOG-LOG-DECITRIG) 


Cie WERE SENTENCE IS). 0) 
{A LOG-LOG-DECITRIG IS A SLIDE-RULED 


Hie RUNGE USED IS 2.4). 

SGTA~SELEG ‘ ; 

‘tegen « bOG-LOG-OECITRIG) (GENERIC . SLIDE-RULE}? 

(ie REPLY. 2 oD: 

(THE SUS-FUNCTION USEO IS. .} 

Seta 

{LOG-LOG-DECETRIG SLIDE-RULE} 

(SYS REPLY . 2) 

(1 GROUNSTAND THE SUPERSET RELATION BETWEEN SLIDE-RULE AND LOG-LOG-DECITRKIG) 
CE GRDERSTAND THE SUBSET RELATION BETWEEN LOG-LOG-DECITREIG AND SLIDE-RULE) 


(the ‘NERY SENTENCE 18°. 6) 
(ODES ALARED OWN A SUIDE-RULE ¥) 


CINE FUNEFIGN USED 1S . 2) 

OWNQ-SELECT 

(IGEWERIC « SLIDE-RULE) (UNIQUE . ALFAEOI) 
CRE REET Sud 

(tHE? seenPUMETION USED FS. 1 Me 
cseyeteLe wWEPAEO) 

wrk ot 


nm 


US. 2) 
te ea Sepcenck ING-STUDENT OWNS A SLIDE-RULE) 


{ite Puahest on yseo 39 2a 
{IGEMERIC . ae ernnee (GEWERIC . ENGINEER ING- STUDENT} ) 
ee REPLY « 2} 

TOM UKE ES od: 


Asbey og 


(SL SDE 'e* REsincee ING-STUDENT) 
CES WEE, 


roa . + 5h 


th 


Ma 


we next senrence Is, si . 
tveRwon PS: a TECH-WAND 


{THE PONE row USEC 4S 6 o 

SETR“SECRET © 

(UUNEQUE . VEANON) IGENERIC . TECH-MAN)) 

(THE REPLY . 2) 

(THE SUB-FUNCTIUN USED IS . .) 

SETRS 

(VERNON TECH~MAN} 

CITS REPLY . .} 

(1 UNDERSTAND THE ELEMENTS RELATION ‘BETWEEN VEXNON ANC TECH-MAN) 
{1 UNDERSTAND THE MEMBER RELATION BETWEEN TECH-MAN AND VERNON) 


Ck STAND Tg te Santosh teach RELATION BETWEEN SLIDE-KULE AND ENGINEER LNG-S} uben 
um BY~EACH RELATION BETWEEN ENGINEERING-STUDENT AND SLIDE-RULE) 


£ 


CFete “MEXT SENTENCE 1S. 2) 
ca TECH-MAN IS aN ENGINEER LNG-STUDENT) 


tHe FUNCTIUN USED 1S . «) 

Sefn-SELECT ~ 

PUGEREREC 6 TECH-MAND (GENERIC 2 ENGINEERING-SIUOENTID 
ftHe HEPLY Sor 

(The SUB-FUNCTIGN USED IS . .) 

SET > 

CROEGH-1AN ENGINE EW ING-STUDENT) 

(LFS REPLY 2 2) 


or ‘GROERSTAND THE SUBSET RELATION BETWEEN TECH-MAN AND ENGINEERING-STUDENT } 


Syme ‘wExY Sewrence 1s . .) 
ODES YEANDM OWN A SLILE-RULE a) 


aa’ + Tha useo is.) 
2 Sh IDE-RULED (UNLQUE . VERNON)? 


MR a USED IS. od 
y it’ Vernon) 


4tTS aePry . ot 
WS. 


(twa! neat sentence iS. ot 
_FRGGS A ENGINEERING-STUDENT OWN THE LOG-LOG-VECITRIG U) 


OCH Hert uste 1S. 2) 


bee’. cectioo-secitaici (GENERIC . ENGINEERING-STUUENT)) 
Bist ies 
AVEC SOOMPUAER LOA USéO 1s. 5 


‘Ownn: : 
BB leercinr ONG 1 REER ings tTUDENT) 
(90sO4e 15 4 cp ORS RR-SEe TERI) 
unnen. AELATION BETWEEN GO2840 ANO LOC-LOG-DECIIRIG) 
or te SF Renae Recarion BETWEEN LOG-LUG-OECITRIL AND 6028401 
. (neane fe lent Lneuamat bund 


eee ‘seuvente fs...) 


“6 Phto 18 a TECH-MAN) 
‘or ot oo 


: “6s 10 USEO IS. .) 


thumtaue . Taareeoy (GENERIC » TECH-MAN)) 
* oe Pas 
Te: BUesUntT ob USED 1S . 2) 
SeTas 
{aLFAED TECH-MAN) 
‘41TS REPLY . 2D 
LU POUNDERSTAND THE ELEMENTS RELATION HETWEEN ALFRED aND TECH-NAN) 
MY URORWETAND THE MEMBEM HELATION BETWEEN TECH~MAN AND ALFRED) 


pee 


UTES WEXT SENTENCE IS. «) 

“AOOES: an UNEINEERINGSTUDENT DWN THE LUG-LOG-DECIIRIG 4) 
“A TWEE MRC T ION: USED IS’. ed 

Ownw-SELECT 

CUSPECLFIC | LOU~LUG-DECITAEG? (GENERIC . ENGINEER ING-STUDENT)) 
> UTE MEPLYE 2) 

(THE SUB-FUNCTIUN USED [S . 2) 

OwnRSGQ 

(LUS-LOG-DECITRIG ENGINEER ING-STUDENT) 

HITS REPLY . 2} 

Wes 


(E UNDERSTAND THE SUPEASET RELATION BEIWEKN ENGINEERING-SIUDENT ANO TECH~MAN) 


JLRS RES bei 


TWHIN3D ‘SIOHM-LUWd 4} 


CEME NEXT SENTENCE IS 2 2) 
(A NOSE IS PART OF A PERSON} 


(THe FUNCTION USED IS . 2) 

PAXTK-SELECT 

(IGENERIC . NOSE} (GENERIC ~ PERSON)? 

(THe REPLY «. 2) 

{THe QUB-FUNCTION USED {S . .) 

PARTR 

(NOSE PERSON) 

(17S REPLY « .) 

(Lf UNOERSTAND THE SUBPART-OUF-cCACH RELATION BETWEEN NUSt AND PERSON) 


{1 UNDERSTAND THE SUPERPART-OF-EACH RELATION beTWEEN PERSUN AND NUSE) 


(THE NEXT SENTENCE IS . 2} 
(A NOSTRIL IS A PART OF A NOSE) 


(THE FUNCTIGN USED IS . 2} 

PARTR-SELECT 

((GENERIC . NOSTRIL) {GENERIC . NUSE)) 

(THE REPLY . 2) 

(THE SUB-FUNCTION USEO IS . 2) 

PARTR 

(NGSTRIL NOSE) 

CITS REPLY . 2) 

(IL UNDERSTAND THE SUSPART-OF-EACH RELATION BETWEEN NOSTRIL AND NOSED 


CE UNDERSTAND THE SUPERPART-OF-EACH RELATION BETWEEN NOSE AND NUSTRIL} 


(THe NEXT SENTENCE IS 2 2} 
(A PROFESSOR IS A FEACHER) 


(THE FUNCTION USED IS . 2) 

SETR-SELECT 

(UGENERIC . PROFESSUR) (GENERIC . TEACHER)? 
(THE REPLY . 2) 

(THE SUB-FUNCTIUN USED [S . .} 

Setter 


(PRUFESSOR TEACHER? 

{{TS REPLY «. 2} 

(CL UNDERSTAND THE SUPERSET RELATION BETWEEN TEACHER AND PROFESSOR) 
CL UNDERSTAND THE SUBSET RELATION BETWEEN PRUFESSUR AND TEACHER) 


{THE NEXT SENTENCE IS . «) 
(A TEACHER IS A PERSON) 


(THe FUNCTIUN USED IS . 2) 

SETK~SELECT 

{{GENERIC . TEACHER) (GENERIC . PERSON) } 

(THE REPLY « 2) 

{THE SUB-~FUNCTION USED IS « 4) 

SETR 

{TEACHER PERSON) 

(ITS REPLY « 2) 

(1 UNDERSTAND THE SUPERSET RELATION BETWEEN PeEKSON AND TEACHER) 
{I UNDERSTAND THE SUBSET RELATIUN BETWEEN TEACHER AND PERSUN} 


(THe NEXT SENTENCE IS . 2) 
(1S A NGSTRIL PART UF a PROFESSUR W) 


(The FUNCTIUN USED TS «2 2) 

PARTRU~SELECT 

((GENERIC . NOSTRIL) (GENERIC . PROFESSGRI) 
(THe REPLY « 2) 

{THE SUB-FUNCTION USED IS . 4) 

PARTRY 

(NUSTRIL PROFESSOR) 

(LTS REPLY . 2) 

Yes 


(THe NEXT SENTENCE IS . «) 
{1S A NOSE PAKT OF A NOSE Q} 


(THE FUNCTION USED IS . .) 
PARTRY-SELECT 

(UGENERIC .« NOSE) (GENERIC « NGSED) 
(THE REPLY 2 2) 

(THe SUB-FUNCTION USED IS . .«} 
PARTRQ 

(NOSE NOSE) 

{ITS REPLY 2. 2) 

(NO 5 PART MEANS PROPER SUBPART} 


(THE NEXT SENTENCE IS «. 2) 
(A PERSON IS A LIVING-CREATURC) 


(THE FUNCTION USED iS « 2} 

SETR-SELECT 

({GENERIC . PERSON) (GENERIC ~. LIVING-CREATURL}) 
(THe REPLY «. 2) 

(THE SUB-FUNCFION USED IS . 2) 

Sete 

(PERSON LIVING-CREATURE) 

{ITS REPLY « «) 


(1 UNDERSTAND TFHE SUPERSET RELATION BETWEEN LIVING-CREATUKt 
{1 UNDERSTAND THE SUBSET RELATION BETWEEN PERSUN AND LIVING-CALATUKE) 


(THE NEXT SENTENCE IS . .) 
CLES A NOSTRIL PART OF A LIVING-CREATUKE Q) 


{Tek FUNCTIUN USED IS «. 2) 

PARTRU-SELECT 

({GENERIC . NOSTRIL) (GENERIC - LIVING-CREATURE)) 
(THE REPLY «. 2) 

{THE SUB-FUNCTION USED IS . .) 

PARTRQ 

(NOSTRIL LIVING-CREATURE) 

(LTS REPLY . 2) 

SUMETIMES 


(THe WEXT SENTENCE IS . 2) 
(1S A LIVING-CREATURE PAKT OF A NOSE U) 


(THe FUNCTION USED IS . 2) 

PAKTRQ-SELECT 

( (GENERIC ©. LIVING-CREATURE) (GENEKIC . NUSE)) 
(THE KEPLY . 2) 

{THE SUB-FUNCTION USED IS . 2.) 

PARERQ 

({LIVING-CREATURE NUSE} 

C1TS REPLY 2. 2) 

(NO ¢ NOSE TS SUMETIMES PART UF LIVING~CREATURE) 


ANG PLRSOD') 


mi sheckone a thea’ BRED US.e che a Os 
sete 


L1ete FUME TAON USED. AS «21 ; 4 ding? 
Siege oer tcencart ‘  ptspuivoedvieay nes 


(THE NEXT SENTENCE [S . 2) 
(A VAN-DYKE [S PART OF FERKEN) 


(THe FUNCTION USED IS . .) 

PARTA-SELECT 

(IGENERIC . VAN-DYKE) [UNIQUE . FERREND). Sacdeed UBER sn 
(THE REPLY . 2} ones de oy Oats “2 Breese 

(Te SUB-FUNCTION USED [5 . |.) 
PART RGU i, 2 Seek heise res 
{VAN-DYKE FEAREN) ‘ : 
{iTS REPLY © 6} O)ote¥aust - Chaanah 
UT UNDERSTANO THE SUSPAKi RELATION ok tween WaNt-OPKE: ONO eennens 
(L UNDERSTAND THE SUPERPART RELATION BETWEEN FERREN ANO YAN-DYKE). 


(The WEXT SENTENCE IS . o} 
(A VAN-OYKE 15 A BEARD) 


[THE FUNCTION USED IS . o) 
SETK-SELECT Lgihyy oReeK gag tfee 
(1GENERIC  VAN-DYKED (GENERIC - BEAXDD) bee 


(VAN-OYRE SEARD) 
(ITS MEPLY 2 od ¥ 
(1 UNDERSTAND THE SUPERSET RELATION we TeGEW. Be AND: ) BAmADEKE) - 
(tb UNDERSTAND TRE SUGSEI RELATION Se Tusen sated! AND BEAKD) 
wht le 
PRR OAT 


CTHE NEXT SENTENCE IS 2 o} Said ol dig Nae Perea < 
(1S A BEARD PART OF FERREN Ut n 


{THE FUNCTION USED IS . ot 
PARTRO-SELECT 

CIGENERIC . BEARD) (UNIQUE . FERREND) 
(Tre REPLY . o) 

(IME SUB-FUNCTION USED IS . .} 


PARTFALUQ 
{BEARD FERREN) : Pee ee ee 
(iTS REPLY. oD AA ints 
Yes “3 ; or 


{THE NEXT SENTENCE IS. .) 
(A CAT ES & DISPLAY-DEevVICE? 


2% 


CIHE AEPLY 2.0) 
hes SUB-FUNCTIUN USED 1S. .} Coy tae Che get 
x ie eee Latte eee ape TATER ton de 
(CKF OLSPLAY-DEVICE) : : 
{11S REPLY « 0) ay 
(f UNDERSTAND THE SUPERSET RELATION BETWEEN DISPLAV-be 


(1 UNDERSTAND THE SUBSET MEQLATION WRTMEEM, CAI AND, AES A) 


(THE NEXT SENTENCE IS . o) 
(A CRT LS 'PART OF THE POP-1) 


ae uy 


(Tot FUNCTION USED JS + “9) 7 a 
PARR SELECT ” : 
‘CTCENERIC ". Cary USPEC FIC. poe 

{THE REPLY 2 2} 

(Tre SUB-FUNCTION USED IS . -} a , 
PARTRGS uiggctitn euueenoegies 
{CRT POP-1) : oS ; 
(iTS REPLY. 2) Lr AW ied 
(602660 IS A "Tog epgaee Sopra 
(1 UMDERSTANO 1 and. 

CL UNDERSTAND T ex tigen, rao ces og 
CL UNDERSTAND THE SUBPART RELATION 
(1 UNDERSTANO THE SUPERPART RELATION 


(THe NEXT SENTENCE IS . 2} 
(Sam 1S THE PORP-1) 


(THE FUMCTION USED IS . .} ees baat 
oniaue c 

{eee Mb cit teres FG 
z 


EQUIV 

{SAM POP—1) na Pe 
(ETS REPLY . 2) ne 
UL UNDERSTAND THE EQUIV RELATION BETMEEN ‘saa “ge onda 
(1 UNBERSTANO THE EQUIV RELATION BETWEEN G82). AN, SARA. 


{THE WEXT SENTENCE IS « 2) 
(A SCREEN IS PART UF EVERY DISPLAY-VEVICE) 


(THE FUNCFIUN USED IS . eo) 

PARIR-SELECT 

((GENERIC . SCREEN) (GENERIC ~« DISPLAY-DEVICE)) 
(THE REPLY «. 2} 


(THe SUB-FUNCTION USED IS . e) 

PARTR 

(SCKECN DISPLAY-DEVICE? 

(LTS REPLY «. 2) 

{1 UNDERSTAND THE SUBPART-GF~CACH RELATION BETWEEN SCREEN AND ULSPLAY-DEVICE} 
(1 UNDERSTAND THE SUPERPART-OF-EACH RELATION bETWEEN UISPLAY-UEVICE AND SCREEN) 


{THe NEXT SENTENCE IS . of 
(ES A SCREEN PART OF SAM QQ) 


(tte FUNCTIUN USED IS . 2) 
PARTRKU-SELECT 

({GeNERIC 2 SCREEN} CUNIQUE ~ SAM)) 
(THE KEPLY «© 2) 

(THE SUB-FUNCTIUN USEN IS . 2) 
PARTRGUQ 

(SCREEN SAM) 

C1FS REPLY 2 2) 

Ys 


(THe NEXT SENTENCE IS . 4} 
(A bEARD IS PART OF A BEATNIK) 


(Tet FUNCTION USED IS « 2} 

PARIK-SELECT 

((GENERIC « BEARD) (GENERIC « BEATNIK)) 

(THe REPLY « .) 

{Trt SUB-FUNCTION USEU IS . 2) 

PAKIR 

[UEARU BEATNIK) 

(ITS HEPLY «© 2) 

(1 UNDERSTAND THE SUBPAKT-OF-EACH KELATION BETWEEN BEARD AND BEATNIK) 
(f UNDERSTAND THE SUPERPART-OF-EACH RELATION BETWEEN bEATNIK AND BEARU) 


(THE NEXT SENTENCE IS . 2) 
(CVERY COFFEE-HOUSt-CUSTOMER 1S A KEATNIK) 


(Tit FUNCTION USED IS . «} 

SETRK-SELECT 

COGENERIC . COFFEE-HOUSE-CUSTOMER) (GENERIC « GEATNIK)) 

(THE REPLY . 2) 

(THE SUB-FUNCTIUN USEO IS « «? 

SETK 

(COFFEE~HOUSE-CUSTUMER BEATNIK) 

CITS REPLY « 2) 

{LT UNDERSTAND THE SUPERSET RELATIUN BETWEEN BEAINIK Ano CUFFEE-~HUUSE-LUSTUMER) 
C(t UNDERSTAND THE SUBSET RELATION BETWEEN COFFEE-HOUSE-CUSTOMEK AND BEATNIK) 


(THE NEXT SENTENCE 15 « ob 
(uU2Z TS A COFFEE-HOUSE-CUSTOMER) 


{fHE FUNCTION USED IS «~ 2) 

SETR-SELECT 

(CUNTQUE -« BUZZ) (GENERIC . CORFEE-MOUSE-CUSTOMER?)) 
(THE REPLY «. 2) 

{THE SUB-FUNCTION USED IS . «) 

SETRS 


(bUZZ COFFEE-HOUSE-CUSTOMER}D 

CITS REPLY «© ) 

(1 UNDERSTAND THE ELEMENTS RELATION BETWEEN BUZZ AND CUFFEL-HUUSE-CUSTUMEK) 
(LT UNDERSTAND THE MEMBER RELATION BETWEEN COFFEE-HOUSE-CUSTOMER AND BUZZ} 


(THE NEXT SENTENCE IS 2 2} 
(1S A BEARD PART UF BUZZ Q) 


(THE FUNCTION USED IS 4 «) 
PARTRO-SELECT 

({GENERTIC «. BEARD) (UNIQUE © SUZZ)) 
(THE REPLY « 2) 

CEHE SUB-FUNCTION USED IS . .) 
PARTRGUQ 

{BEARD BUZZ) 

{ITS REPLY «2 2) 

yes 


g. PART-WHOLE, SPECIFIC (Cont.) 


‘ PARIt- SLEPT 
UME REPLY’ 5 


(THE NEXT senrtsitt IS.) 
(A BOY IS A. PERSON). 


(THE FUNCTION. USED IS « 6) 

SETR-SELECT | : 

(IGENERIC. » BOY), (oENERIC « PERSON)? 

(THe AEPLY . 2) 

(THE SUB-FUNCTION USED IS = 2), 

SETR 

(a0y PEASON) 

(ITS RePLty . 2) 

(1 UNDEASTAND THE SUPERSET RELATION BETWEEN PERSON AND BOY) 
a monies The SUBSEE RELATIUN BETWEEN BOY AND PERSON) 


UIHE NEXT. pgtence 3S... 0) 
(JOHN ES 44 e 


ied cme tou SEI 18- 4 a 

iE TH~SELEC 

(tUMIQUE . “Joell “iceneRIc ; ov?) 
CTHE REPLY «, o) 

(THe Sus-FUNCTIBN USeQ. 18:4 4) 
SETRS 

130H" BOY? 

CITS REPLY « ol 


ws CE imaent ta cee RELATION BE WEEN JOHN AND 8OY) 
: (0 UNBERST, 


ER, RELALSON BETNEEN aov —_ JON} 


OTHE runcr toi thee. IS-< ol 


AY (GENERIC... HANDID 
THe sos e begs fbi, USEO IS. .) 


(IGEMERIC . 


PARTIR s 
(F inGER ys 
(its aepey "09" 

(1 UNDERSTAND THE SUBPAAT-UF-EACH MELATION BETWEEN FINGER AND HAND! 
CE UNDERSTAND TUE ae ae RELATION BETWEEN ONO : ane: Fineéa) 


{THE NEXT $i nrehige 
(HOW MANY scare ite ‘sbiée HAVE U! 


(THE FUNCTION USED TS. 4). ‘ 
HAVE-RESOL VE ‘ 

(FINGER (unk Que . Jones 

CTHE REPLY 2 4) 

(THE ABOVE ‘SENTENCE IS aMlulGUOUS ©* BUT I ASSUME (HAS) MEANS [HAS AS PARTS} 
(1 DON®T KNOW WHETHER FINGER 1S PAKT OF JOHN) 


{Tht NEXT SENTENCE 1S . 2) 
(THERE is ONE ,HANO GN EACH Aka) 


(THe FUNCTION useo isa.) 

PARTAN“SBEECT: 

CIGENERSC SC ARMY UE. nano) 

(THe MEMtY . -F 

CL UMBERSTAND THE SUPERPART-OF-EACH RELATION BETWEEN ARM AND HAND) 
CL REALIZE TRE NUMBER RELATION BETWEEN Lt AND (PLIST NAME ARM)) 

Ch UNBERSTAND THE SUBPART-OF-EACH RELATION BETWEEN HAND AND AKA) 
CE REALIZE THE MUMBER RELATION BETWEEN 1 AND (PLIST NAME HAND)) 


(TH MGT SERFENCE IS. 2d 
UIHERE ARE Fd0 ARAS ON A PERSON) 


UTHE @UNCTION USED ES. 2! 
PAR TON“SELECT ~~ 

((GEMERIC . PERSON) (2 . ARM) 

(THE REPLY , «3 

(1 UNDERSTAND THE SUPERP: oe Me AT on BETHEEN PERSUN AND AK) 
(i neavige piregbvon bag oP ‘RE (PLIST. MAM PERSOND) 

(1 UNDERSTAND: THE rin ote ati p PEIUEEN ARM AMD PERSON) 
(A REAL TEE: THE: ranoes RELRTION SeTWEEN 2 AND (PLIST NAME ARM} 


Lhyr aaa, 


(THE: RERT SENTENCE IS. 2) 
(HOw aan JFENGERS DOES JOHN WAVE Q) 


Tee: pum 140 “USED. TS + ad, 


pert res 

Ce iNeeR, tel 5 JY 

it teh 

ime Born SENTE 1s,ane S ae aur } ASSUME (HAS) MEANS (HAS AS PARTSI) 
(1 neaw? ied ioete Bch LATION BETWEEN HAND ANU FINGEA) 

i fe 


COME ERT Ee ateiae ‘FS oar 
ia seal Mas 2s SUnceRs) 
Be RY 

CHE FUNCTION USED IS « 0) 
=e wee. : 

sired BEERS r 
115 . FINGER) (GENERIC . HAND)) 
(THe REMY 2 2) 


{THE ABOVE SENTENCE IS. AMMIGUUUS ®¢ BUT 1 ASSUME (HAS) MEANS (HAS AS PARTS) 
Ch Rete Fee" ART-OF-EACH RELATION BETWEEN HAND ANU FINGER) 
(1 REALIZE THE ER RELATION. BEEPEEN. 5..AND. (PLIST MAME HAND)) 


C1 RNON THE RUBE, rorceet Ch RELATION BETWEEN FANGER ANU HANO) 
(4 REAL TZE The ER RECACIUN GETNEEN 5 ANU (PLIST NAME FINGERI) 


(IME NEXT SENTENGE IS“. 2) 
(naw AANY FURGERS Does JOHN HAVE Q) 


(THE FUNCTION USED As « al 

HAVE-HGSAOL VE © 

(FINGER TUNI@UE . JOHN) . 

(THe WEPLY 2 od ; 

(THE ABOVE SENTENCE 1S AMBIGUOUS ©© BUT T ASSUME (HAS) MEANS (HAS aS vARTS)) 
{i KNUW YHE SUPERPAKT-GF-EACH RELATION BETWEEN HAND AWD FINGER) 

{1 KNOW THE SUPERPAKT-OF-EACH KELAT FON BETWEEN ARM AND HAND) 

{1 KNUM THE SUPERPART-OF-EACH RELATION HETWEEN PEXSON AND ARM) 

(THe ANSWER TS 10P ” 


eat tre ure 
AEE 


NOILISOd LH518-01-1437 


(TRE NEXT SENTENCE IS . 2) 
(THE TELEPHONE ES JUST TO THE KIGHT GF THE BOUK) 


(THE FUNCTION USED 1S . .} 

JAIGHT-SELECT 

{CSPECIFIC . TELEPHONE) (SPECIFIC . 800K)) 
(THE REPLY 2 2) 

we Po USEG IS . 4) 


ae wou" — ae 
{ RE 

ae, net "iE: i FELEPHONE) 

ee | We SFAMD THE ELEMENTS RELATION BETWEEN GU2840 AND TELEPHONE) 
tt s “ THE MEMBER RELATION BETWEEN TELEPHONE AND GO2840) 


(cogas as vee 
UT oapensth io ELEmEWTS RELATION BETWEEN GO2841 AND BOOK) 
THE MEMBER RELATION BETWEEN BOOK ANU GO2841) 


Ui REAL TEE THE JRIGHT RELATION BETWEEN TELEPHUNE AND BU0K) 
SU REAR LSE, THE. MEERT em: PE THERN BOOK Attn: TELE PHONE?- 


ae PERS Bi te ots fone BEA Ag as al 


ve ee "WERT SENTENCE IS 2 .! 


TELEPHONE 1S JUST TO FHE LEFT OF THE PAD) 


1». LUG FYUNGTIGN USED -IS . 2) 
ee T-SELECT 

if IC 2 RAD) (SPECIFIC . TELEPHONED) 
‘st Ve od 


a fe ‘Fa JAUME TION USED IS . .) 


“wee a si pote : 
we? ae is 2 pao) 


(1 UNDERSTAND Tne ELEMENTS RELATION BETMEEN GO2842 AND PAD) 
APMER REAMELON BETWEEN PAD AND GO2H42) 


am! 
re Da Tha Rice ARAA TION O04 NEEM PAD: AND TELEPHONE) 
ic heer SeeAtion BETWEEN TELEPHONE AND PAU) 


HENCE U6. «) 
oe Sarna To ce AIGHT UF THE 600K Q) 
greene © Is...) 


cr -, 
Cs PAD) {SPECIFIC . 800K)) 


EPLY 2 0) 
3 FYNCTION USED IS. .) 
(PA9 BOOK) 


BS PRPLY «ef ea aa aed hited wea 


rie kee sabe eee oyit ae 


ore 
bi ‘Whe NEXT SENTENCE 1S . 2) 
| TRS THR 8996 TQ THE -QEFT OF THE PAD GQ) 


% “aie ann 


RAO) USPECIFIC . 800K)) 
ta ate a 
. "Ate aaa USED IS . .) 
- 
we REPLY « o? 
ves 


‘Vt EAT “SENTENCE 1S 2 0) 
Tre Pad ts ‘to The RIGHT OF THe TELEPHONE} os 


“TTHE FUNCTION USED ts Po F i vse 
RIGHT-SELECY | 

TESPECIFIC « pad) (SPECIFIC . TELEPHONE)? 

(Te REPEY 245 

TYHe SUB-FUNCTION USED 1S . .) 

RIGHT 

(PAD TELEVHONE) 

17S REPLYS “| ; 

Cree AbGwE* Sia EMENT 1S ALREADY KNUWN) 


tie eT SENTEACE 1S ey : 
ane bas ts ‘yo. €° LEFT OF Ihe. FELEPHUNE) vo4 


- meine taveche 


AIGHT-SELECT 
(CSPECIFIC . TELEPHONE) {SPECIFIC . PAD)? 


(Tit REPLY . 2) 


co gM 'SUB-FUNC TION USED IS. 4) 


" eeony 
(TELEPHONE PAD) 
IT RERY OT 
* CHE! ABOVE STATEMENT 1S IMPUSSIBLE} 


: feces y Lee ee . Ye AS 
Syee rep Zenda’ $)Te “ape RORY ut Ye Super ee 


TIOM YSED FS - «) 


Tt i 
Sate R008). (SRECTFIC . ASH-TRAY)) 


7 me SUE UMC IQN USERID, 0, 01. 
15 aS eae) 1? 
(ITS REPLY. «) 


ASH LRA ne eaz0a3) 
GOK. AND ASH TRANY 
ASH-TKAY ANO 6BOUK) 


geen aONE 5 nites IS » 0} 
J 168 eg YS ro THE LEFT OF THE PAD) 


1 EIEN Lule USED" 1S. 7 
1 BOG» SELECT 
CISPECIFIC . PAD) (SPECIFIC . PENCIL)? 
(THE REPLY 2 0) a Pug 6 ees fi 
19. SoeAP UNC TON: ‘USED is . a holes cay ety eA 
:é REGED tHe @ oumeni eet uy 
i: 40m PEengWh a wor ae: eee oe alae cae 
REPELAEPRY BED RE ; 
 (GORBR4 IS°A PENCIL) 
: UE WROERSTENG THE ELERENTS RELATION CETHEEN GOZU44 - ano PENCIL} 
Lo CO SMBERSTARD THE MEMBER RELATION BC TWEEN PENCIL AND 602844) 
‘t1 UNDERSFANG Thé (QiGht RELATIUN BETREEN PAD anu PENCIL) 
an wee! THE LEFT pAeRATION BETWEEN PENCIL AND PAL) 
2MES > Mak oc 
tee a APE 


(3U09) NOLLISOd LHDIY-O1-1431 *! 


{THE NEXT SENTENCE IS . 2} 
{Tre PAPER IS TO THE RIGHT OF THE TELEPHONE? 


{THE FUNCTION USED IS . .) 

RIGHT-SELECT 

TUSPECIFIC . PAPER) (SPECIFIC . TELEPHONE?) 
(THE REPLY . 2) 

(THE SUB-FUNCTION USED IS . «) 

RIGHT ; 

(PAPER TELEPHONE) 

{17S REPLY ©.) 

(602865 IS & PAPER} 


(1 UNDERSTAND THE ELEMENTS RELATION BETWEEN GU2845 ANU PAPER) 
(1 UNDERSTAND THE MEMBER RELATION BETWEEN PAPER AND G02845) 
(1 UNDERSTAND THE RIGHT RELATION BETWEEN PAPER AND TELEPHONE) 


(1 UNOERSTANO THE LEFT RELATION BETWEEN TELEPHONE AND PAPER) 


(THE NEXT SENTENCE IS . «) 
(WHERE IS THE PAD Q) 


{THE FUNCTION USED IS . .) 

WHERE-SELECT 

(USPECIFIC . PAD)) 

(THE AEPLY 2 4) 

(THE SUB-FUNCTION USED IS . .} 

MHERES 

{PAD} 

(ITS REPLY . 2) 

{JUST TO THE RIGHT OF THE TELEPHONE) 

(SOMEWHERE TO THE RIGHT OF THE FOLLOWING . . {PENCILID 


{THE MEXT SENTENCE IS . .) 
(wHaT 1S THE POSITION OF THE PAD Q) 


(THE FUNCTION USEO IS . .) 

LOC-SELECT 

(ESPECTFIC . PAD) 

(THE REPLY 2 2} 

(THE SUS-FUNCTIEON USED IS . .} 

LOCATES 

{PAD} 

(ITS REPLY . 2} 

{SHE LEFT-TO-AIGHT QADER IS AS FOLLOWS) 
(CASH~TRAY (800K TELEPHONE PAD) PAPER) 


CTHE NEXT SENTENCE IS 2 et 
{WHAT ETS THE POSITIUN UF THE Pav Wh 


CTHE FUNCTION USED IS . 2) 
LOC~SELECT - 
TISPECIFIC . PAD)) 

(THE REPLY « .} 

Ufmk SUB-FUNCTIUN USED IS . .) 
LOCATES 

(PAD) 

(ETS REPLY « 2) 


(THE LEFT-TU-RIGHT URDER IS AS FOLLOWS) 
(PENCIL CASH-TRAY BOOK TELEPHONE PAD) PAPER) 


(Tee NEXT SENTENCE IS . 2) 
(A TELEPHONE IS AN AUDIU-TRANSDOUCER ) 


(THE FUNCTION USED IS . .) 

SeTA-SELECT 

({{GENERIC 2 TELEPHUNE} [GENERIC . AUDIO-TRANSOUCER)?} 

(THE REPLY . ot 

(THE SUB-FUNCTION USED IS . .) 

Setar 

(FELEPHONE AUDLO-—TRANSOUCER) 

(51S KEPLY . .) 

(hk UNDERSTAND THE SUPEKSET RELATIUN BETWEEN AUDIU-TRANSDUCER AND TELEPHONE) 
(I UNDERSTAND THE SUBSEF RELATION BETWEEN TELEPHONE AND AUDIU-TKANSUUCER) 


(THE WEKY SENTENCE IS . 4) 
(A DIAPHRAGM 15 PART UF AN AUUIO- TRANSDUCER) 


CEME FUNCTION USED IS . .) 

PARTR-SELECT 

COGENERTC . DIAPHRAGM) [GENERIC . AUDIUG-TKANSDUCER}) 

(tHe KEPLY . .) 

CF Ht SUS-FUNCTION USED IS . .} 

PaRtR 

(COLAPHRAGM AUD1O~TRANSOUCER) 

(ITS REPLY . .) 

(T UNBERSTAND THE SUBPAAT-OF-EACH RELATIUN BETWEEN DIAPHRAGM ANG AUQIU~FRANSDUCEAD 
CE UNDERSTAND FRE SUPERPART-GF-EACH RELATION BETWEEN AUDIO~TRANSOUCER AND DLAPHRALM) 


(TO FURTHER SPECIFY THE PUSITIONS YOU MUST INDICATE WHERE FHE PENCIL IS WITH RESPECT Tu Frit ASn-TxAY) 


(THE NEXT SENTENCE IS . 0) 
(Tie BOOK IS JUST TU THE RIGHT OF THE ASH-TRAY) 


{THE FUNCTION USEO IS . .} 

JRIGHT~SELECT 

{USPECIFIC . SOUK) (SPECIFIC . ASH-TRAY)) 

{THE REPLY . 2) 

(THE SUB-FUNCTION USED IS . .} 

SHIGHT 

{BGUK ASH-TRAY}) 

CITS REPLY . .) 

(1 REALEZE FRE JRIGHT KELATION BETWEEN BOOK AND ASH-TRAY) 
CL REALEZE THE JLEFT RELATION SETWEEN ASH-TRAY AND BOUK} 


(THe NEXT SENTENCE IS . 2) 
(wHEME IS A DIAPHRAGM Q) 


(THE FUNCTION USED IS . .) 
WHERE-SELECT 

(IGENEREC . DLAPHRAGM}} 

(THE REPLY 2 .} 

CIHE SUM-FUNCTIUN USED IS . 2} 
WHEKEG 

(OLAPHRAGA) 

{iTS REPLY . 2} 

(JUST TG THE LEFT UF THE PAU) 
{JUST TO THE KIGHT OF FRE BUUK) 
(SUMEWHERE TO THE LEFT OF THE FOLLOWING . . (PAPEK)) 


eG ASB RR te oe 


Ie aan eT 


Raveae a Picea oe ee rs 


This empty page was substituted for a 
blank page tn the original document. 


169 


Biographical Note 


Bertram Raphael was born in New York City on November 16, 1936. He 
attended the Bronx High School of Science, received a B.S. degree in Phy- 
sics from Rensselaer Polytechnic Institute in 1957, and received an M.S. 
degree in Applied Mathematics from Brow University in 1959. 


Mr. Raphael held several scholerships at RPI from 1953 to 1957, and 
the Universal Match Foundation fellowship at Brown University in 1958. 
He received an NSF honorable mention and was elected to the Society of 
Sigma Xi in 1957. 


Mr. Raphael has been interested in automatic computation since 1959 
and has worked in that field for RCA, Moorestown, New Jersey; for Bolt, 
Beranek and Newman, Inc., Cambridge, Massachusetts; and for the RAND Cor- 
poration, Santa Monica, California, for whom he is presently a consultant. 
He taught at RAND summer institutes for Heuristic Programming (1962) and 
Simulation of Cognitive Processes (1963), and lectured at UCLA during the 
summers of 1963 and 1964. He has recently accepted an appointment as Ag- 
sistant Research Scientist at the Center for Research in Management Science, 
University of California at Berkeley, effective June, 1964. 


His publications include: 

"Multiple Scattering of Elastic Waves Involving Mode Conversion," with R. 
Truell, AFOSR TN 59-399, Metals Research Laboratory, Brown University, 
May, 1969. 

"A Computer Representation for Semantic Information," paper presented at 
1963 meeting of AMICL, abstract in Mechanical Traneletion 7 7 (2), October, 
1963. 


"A Comparison of List-Processing Computer Languages," with D. G. Bobrow, 
Comm. ACM, expected publication May, 1964. 


“LISP as the Language for: an. ane rement at Computer," with L. Lombardi , in 
~ P . Pr) 


eekeley. ed.); Information Internationals . “Maynard » Massachusetts, ex- 
pected publication May, 1964. 


His hobbies include mountain climbing and square dance calling. 
Mr. Raphael is currently a member of the AssOciation for Computing 


Machinery, the Association for Machine Translation and Computational 
Linguistics, and the American Mathematics Society. 


This empty page was substituted for a 
blank page tn the original document. 


